Botered 


Copyright. 1910, 


Scientific ‘American, establised 1845. 
Scientific American Supplement, Vol. LXXII., No. 1860., 


The Potter's Clay 
Industry of Cornwall 


By Haroip J. SHEPSTONE. 


i is more than a cen- 
tury and a half ago 
gince William Cookworthy 
rambled over the Cornish 
moors with his “dowsing- 
rod” (in the divining 
properties of which he 
was a firm believer) prc- 
gecuting his researches 
and experimenting upon 
the properties of the differ- 
ent natural productions cf 
Cornwall in relation to 
porcelain, a subject in 
which he took a great in- 
terest. These inquiries and 
researches ultimately led 
to the discovery of the 
materials for the manufac- 
ture of genuine porcelain, 
a discovery of world-wide 
interest and importance, 
which has led to immense 
commercial results. 

It is true, of course, 
that potter’s clay had been 
found in various parts of 
Great Britain. So far back 
as the fourteenth century 
we find that quantities of 
this material were ex- 
ported from England, 
principally to Holland 
None of it was obtained, 
however, from Cornwal!, 
the present great potter’s 
elay producing district of 
the United and 
for that the 
world. 

Before describing the 
methods now 


Kingdom 
matter in 


in vogue fo 
a brief 
his 
tory of this important in 
dustry will not be inap- 
propriate. We find that 
the manufacture of porce 


securing the clay, 
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the 


So-called 


lain from potter’s clay was 
commenced in Plymouth, 
and in 1768 their discover 
er took out a patent for “a 
kind of porcelain newly 
invented, composed of 
moorstone or growan, and 
growan clay.” The Ply- 
mouth venture being un- 
profitable and progress 
slow, the patent rights 
were assigned in 1773 to 
Richard Champion of Bris- 
tol, who later (about 1777) 
disposed of them to a syn- 
dicate of Staffordshire 
potters. Several attempts 
were made to monopolize 
the products of the Corn- 
ish clay mines Fortunes 
were spent in defeating 
these efforts, special acts 
of Parliament being nec- 
essary to secure open use 
of this most’ valuable 
commodity. 

Cornish clay is chemi 
cally identical with the 
kaolin of the Chinese. It 
is found in a state of part 
ly decomposed’ granite. 
The cause of the decom- 
position is not positively 
known, geologists differing 
in their views on the sub- 
ject. Granites are rocks 
which have welled up in 
a molten state from some- 
where in the earth’s crust, 
and crystalized on cooling. 
Felspar, quartz, and mica 
are the principal minerals 
the Cornish 
granite, and the decom- 
posed felspar gives us 
China clay. China clay Is 
not found as such, but is 
mixed with quartz and 
mica. The “raw mater‘ai” 
in its natural state is held 
together by the plasticity 
of its clay parts, and con- 


composing 


Over- 
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equently the mass is easily and readily broken up. 

When a clay bed is located, trials are made to 
ascertain if it is of sufficient area and depth to pe 
worth working If so, shafts are sunk in the center 
and on the edge of the deposit to its full depth, and 
the bottoms of the shafts connected by a tunnel driven 
horizontally Some of the larger mines will yieid 
from 30,000 to 40,000 tons of the raw material per 
annum. The clay beds vary in depth from 60 feet to 
200 feet and are covered by valueless surface earth 
varying in depth from 3 feet to 50 feet. This “over- 
burden,” as it is called, is removed from around the 
top of the “washing” central shaft for the first opera 
tions and the clearance gradually widened as needed 
for uncovering the clay bed. 

A kind of basin is formed in the exposed clay bed 
around the shaft, and the sloping sides having been 
cut into channels, or streaks, workmen locally known 
as “dubbers” break up the masses of the material 
into lumps about the size of a large ball. Water is 
then streamed over the edge of the basin, from open 


conduits called “launders” on the surface. After ‘t 
flows through the streaks, disintegration of the mass 
commences 

The dubber continues his pounding to assist the sep 
aration of the mass, which, in gradually diminishing 


particles, gravitates towards the mouth of the shaft, 
before reaching which the heavier parts of the quar'z 
and sand are trapped in a wooden frame pit, or sand 
drag. The lighter parts of clay and mica are carried 
in suspension in the water to the bottom of the shafts 
This is the first process. At its conclusion the refuse 
five-sixths of the original mass, is “trammed” to the 
waste heap on the surface to make way for the next 
“washing.” About 600 gallons of water per minute 
pass over the streaks, and as the clay water runs into 
the shaft the proportion of solid matter to water is 


about 314 ounces to the gallon 


clear water passes out at a slightly lower level on the 
opposite side, leaving the mass in its 1 to 7 consist 
ency behind. The clear water passes into a reservoir 
and is pumped back to the mine to be used over and 
over again. From the settling pits the thick liquid 
passes through hatchways and earthenware pipes into 
adjoining tanks for a further extraction of water 
These tanks are large reservoirs about 150 feet long 
by 60 feet wide and 8 feet deep. A number of “set- 
tlings” go to fill up a tank. When a tank is full the 
clear water, which rises slowly to the drains in the 
sides is allowed to remain for a period of from three 
to six weeks. Further evaporation takes place, and 
when the proportions are one of water to one of clay 
the open air processes of drying are completed. The 
clay is dug out and “trammed” into the “dry,” as the 
covered kiln which completes the separation is called. 

The wet clay is spread over the pan or floor of the 
dry to a depth of about eight inches in the average, 
being deeper at the fire end. A furnace at one end 
furnishes heat which passes in flues, underneath the 
pans, through the whole length of the dry, and passes 
out through a chimney stack at the other end At a 
certain stage in this forced drying, the clay is run 
through with a “cutter” which is dragged through the 
soft mass, first lengthwise and then across, forming 
the clay into cubical blocks. Th’s assists the drying 
by enlarging the exposed evaporating surface, and di- 
vides the clay into lumps of a convenien: size to handle 
when removing from the pan into the “linhay,” which 
is a roofed-in shed running alongside the dry through- 
out its whole length, and serving as a store-room ti!l 
the clay is loaded into railroad trucks or otherwise 
packed away 

The time occupied in this process varies from twelve 
hours at the fire end to ninety-six hours at the stack 
end. Experiments have shown that when the clay has 
been thus dried it still contains about ten per cent of 
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writers, a space of time for the same period not 
ceeding 50 million years, and the method based 1 
the salinity of the ocean gives a similar figure. | 3 
with regard to sedimentation that | wish here to pn 
a few remarks 

‘It is evident that at the present time the vol a 
of post-Eozoic sediments in existence is greater tlan 
ever it has been, and also that it is slowly increa ng 
at the expense of the igneous and pre-Cambrian ri ks 
Knowing the rate of 
this denudation and the total volume of these sodj- 


now exposed to denudat’on 


ments, all of which must necessarily have had r 
origin in igneous and pre-Cambrian rocks, the period 
represented by the fossiliferous strata is giver v 
a simple process of division. 

“Situated as | am in Africa, without any geological 
literature, I can only give the most approximat ti- 
mates of the necessary factors with which to 13- 
trate the method and arrive at the required length 
of time 

“Sollas gives the th'ckness of the post-Eozoi li- 
ments as 250,000 feet, or approximately 50 milk 

“If we suppose all the sediments to be deposited at 
the maximum rate, they will form a regular hed 
along the continental shores for a distance 35 
miles seaward. Taking 100,000 miles as the average 


shore line of the Cambrian and subsequent periods, 
we arrive at the total volume of sediments—175 19° 
cubic miles. This spread over the whole globe repre- 
sents a thickness of seven-eighths of a mile. 

“The average rate of continental denudation is 
probably 1 foot in 5,000 years, or 1 mile in 26 million 
years. The continental area ‘s 56 million square miles, 
one quarter of which is occupied by igneous and pre 
Cambrian rocks, i. e., 14 million square miles. The 
rate of denudation of the latter is therefore 14 million 
cubic miles in 26 million years. The time for all the 
sediments to collect at that rate would be 325 million 




















Settling Pit With Reservoir for 


It is the purpose of the second operation to separate 
the mica from the clay, which is done by a process of 
sedimentation in a surface trough, known as a mica 
The clay water is pumped from the shaft on a fringe of 
deposit by engines. Up till recently the type of ma- 
chine employed was that adopted a century and a 
quarter ago. Now modern gas engines are used in 
the more up-to-date mines. The clay water enters the 
mica through pipes and is streamed over its whole 
surface, about 200 feet by 30 feet. The mica is cut up 
into smaller troughs about 25 feet long by 2 feet wide 
The boards framing these inner troughs are in their 
short lengths placed at right angles to intercept the 
flow of clay water at regular intervals, and are suf 
ficiently high to cause a slight pooling of the stream, 
but low enough to allow the top of the stream to flow 
over, carrying the finer particles of the “material” 
with it 

By the time the stream reaches the end of the mica 
only the purified clay remains in the water, the mica 
and what little fine sand may have remained from the 
washing having settled against the cross boards, the 
heavier particles in the first line of troughs, and gradu- 
ally diminishing in the passage. Leaving the sedi- 
ment—which looks like thick cream—to be discharged 
through holes opened in the bottom of each trough by 
the removal of a plug, the clay in suspension, which 
upon entry into the mica is about 1 part solids to 
25 parts water, passes through underground pipes tc 


the settling pits, where the separation of the purified 


S 


clay from the water commences. 

In the settling pits the relative proportions of clay 
and water are at entrance 1 to 50, and at close 1 to 7 
The clay sinks in the pit, which is about 30 feet in 
diameter, and about 6 feet deep, and the water clears 
itself of clay by the time it reaches the top of the pit. 
The clay water enters on one side of the pit and the 


Clear Water 
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constitutional water, that is, the water which is chem- 
ically combined with the clay, and to the possession of 
which it owes its plastic properties. This water can 
be entirely eliminated only by heating the clay to a 
red heat. 

Until very recently the clay was “settled” in out 
of door pans, and taken up in lumps as soon as suf- 
ficiently set and put into bags, which were exposed 
upon walls in thatch covered sheds, the sides and 
ends of the building being left open for air to pass 
through freely. A few of these drying sheds are still 
to be seen. They contrast markedly with the 380 
feet structures now in operation at the more up-to- 
date mines. The old-time “sun pans” were usually 
square or oblong, and varied in size, but usually were 
about 18 inches deep. The drying was entirely by 
evaporation. Later, the whole of the clay was dried 
in the open and the supply was then very much a 
question of “weather permitting.” In the early days 
of the industry it is said “one year’s output of 100 
tons created a glut in the clay market.” Contrast 
this with the 600,000 tons of the present time, and 
we get an idea of the extent of the Cornish clay in- 
dustry. 


The Duration of Geological Time 

In a very interesting letter addressed to Nature, 
Mr. Arthur Holmes suggests a new method for esti- 
mating the antiquity of geological strata: 

“There is at the present time a great discrepancy 
in the numerical values given for geological time by 
the various methods employed. Considering the 
period which has elapsed since the commencement of 
the Cambrian, the evidence afforded by the study of 
radio-active minerals suggests that its length is of the 
order of 500 million years. Arguments derived from 
the study of sedimentation give, according to recent 


Separating the Mica From the Clay. 


years. This figure is only an indication of the order 
of the time elapsed. It requires to be corrected for 
the following factors: 

“A. Factors tending to decrease the estimate. 

(1) Exposed surface of igneous and pre-Cambrian 
rocks may have been greater in former ages. 

(2) Marine denudation of igneous and pre-Cambrian 
coasts. 

(3) Greater density of igneous rocks than of sed’- 
ments. 

B. Factors tending to increase the estimate. 

(1) Average land area has probably been about 0.8 
that of to-day. 

(2) Average continental mean height has proba 
been below that of to-day. 

(3) Recent glaciation has laid bare many pre-Cam 
brian areas. 

(4) Present is a volcanic period, increasing th 
weathering capacity of rain. 

(5) Present climates are of maximum variabilit) 

(6) Parts of land area are subject to deposition, 
i. e., negative denudation. 

(7) Unconformities not represented by sedime! 
elsewhere. 

(8) Some sediments at great depths may have 
come igneous rocks. 

“It is hoped that, with the increase of accu! 
quantitative knowledge of former conditions, and 
the processes at work in denudation and deposit 
the above factors may be verified and allowed fo: 
making an estimate of the antiquity of sediments 

“The estimate here given is probably too low in 
light of these corrective factors, and it is interest 
to notice how much more closely it agrees with 
eresults of the totally independent method based 
radio-activity than do those deduced from the fa 3 
of sedimentation in the usual way.” 


> 
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Logistics 


‘ 


By Major William _C. Bartlett, U. S. Army 


h strikes the average reader of the history 


THA 
of the o-German War of 1870-71 is, not so much 
the m ie of combatants arrayed on either side as 
the ma jus rapidity with which the armed forces 
of Ge were assembled and launched at the foe, 
as tho the long-roll had been sounded in every 
home t ghout the land. Gradually he realizes that 
the dea ld metaphor of watching the war-clouds 
gather st be given up, and that future war, like 
a cyck will have rushed down and past, leaving 
nothing wreck and ruin behind, long before the 


! vill have thought to look for its approach 


bystan 

To tl dea of large armies of men his mind has 
becou ieccustomed. Did not Darius 332 years before 
the Cl in era bring 600,000 combatants to the bat 


tle of Issus? Does not Polybius place the armies 9f 


Italy threatened by the Gauls in 326 B. C., at 
768.300, and have not the often heard stories of the 
old soldier led him to think lightly of such a trifle 
as an a vy of a few hundred thousand? But this 
suddenness of action is something novel; and having 
his attention once called to it he finds that it is not 
peculiar to the German army, but is the salient 
feature of all the latter wars of this era! 

To show this more clearly, let us compare the War 
of the Rebellion in this country with two of the recent 


European wars. 

The United States Army, in October 
250,000 men; on May Ist, 1865, it comprised 1,034,009, 
having in 314 years increased by 784,000 men. 

On the 3rd of May, 1866, the Prussian army strength 
was 210,000, and within six weeks this was raised to 
600,000, of whom 230,000 were in the field at Sadowa 
on July 3rd. On the 14th of July, 1870, the armies of 
the States now comprised in the German Empire num- 
two weeks 440,000 men 
Rhine, and by August 
one month, there were 1,183,389 men under arms, of 
whom were at the front. Nor was this the 
limit of their expansion, for in February and March, 
1871, their average total strength was 1,350,587. 

Such a number is in itself not easy to read, still 
more awkward to write, and hardly possible to grasp 
some standard be given by 
which to When Gen. McClellan 
from Washington to attack the Confederates he 
the Cabinet for moving by five different 


1861, numbered 


‘82 568. In were con- 


the 


bered 
eentrated on 15th, or in 


650,000 


in its entirety, unless 


measure it. marched 
was 
censured by 
roads, and in reply stated that he marched the entire 
army (about 100,000 men) by one road, the column, 
with its trains, would have extended about fifty miles 
Taking, then, the measure of fifty miles to each 100,009 
men, which other observations have shown to be ap- 
proximately correct, the German army in February 
and March, 1871, would, if marching with its baggage 
on a single road, have extended a distance of 675 
miles. In other words, the leading division would just 
have gone into camp at Detroit, Mich., as the rear- 
guard was filing over the bridge at this post. What, 
then, is the mainspring which not only gathers this 


mighty force together, but also sets it in motion 
against the enemy? The answer is, Logistics. Having 
but a hazy notion of what logistics is, you, turn to 
some military textbook on the art of war. Should it 
happen to be Hamley, you will not find the word in 
the index, but Jomini greets you with it right at the 


beginning, and also gives you a definition: Logistics, 


or the art of moving armies. Very short and simple! 
But when you come to the third chapter he has arrived 
at the that meaus 
and arrangements which work cut strategy and tactics, 
forty-first book, you 
discover that he is puzzled over his own former defini 
tions. H 


onclusion logistics comprises the 


and reaching the article of his 


then explains that the term originally came 


from French title, “major-general de logis,” synon 
ymous to our quartermaster, an officer whose duty it 
formerly was to lodge and camp the troops; but as 


war became 
Office rs 


more complicated the duties of these sta‘f 
ime more extended, until finally they weve 


connected with all the operations of a campaign. “T9 
be a good chief of staff,” he says, “it became in this 
way necessary that a man should be acquainted with 
all the various branches of the art of war. If the 
term log s includes all this, the two works of the 
Archduke Charles, the voluminous treatises of Guibert, 
Laroche, Aymon, Bousmard and Ternay all taken to- 
gether uld hardly give even an incomplete sketca 
of what logistics is; for it would be nothing more or 
less than the science of applying all possible military 


knowledy 


There is no doubt but Jomini is right; so that in- 
stead soing into every detail of this big subject, 
which les everything connected with the prepar- 


jvurnal of the Military Service Institution. 


ing, supplying, moving and guarding of an army from 
the first call to arms to the final disbandment, we wiil 
confine ourselves to eight subdivisions, which seem +o 
be the most important, viz.: 
Supply and Equipment, Marches, Magazines and Depots 
of Supply, Gathering Information, the Start 
and the Influence of Recent Inventions on Logistics. 
The majority of the examples and 
taken from the Franco-German War of 


Mobilization, Transport, 


General 


statistics will be 


"70-71; 


and the 


aim of this paper will be more to show the vastness 
and importance of a thorough system of logistics than 
to go into each minute subdivision of the art. Every 


Kuropean State but England has adopted some form 91f 
military organization based upon the fundamental rule 


of universal liability to military service, by which 


the whole available male population of a country is 
divided into certain classes, each of which is called 
out as required; but only those classes which are com 


posed of able-bodied men of a certain age are included 
in the war strength of a nation 
Prussia, having 


1806, 


This system was first practised by 


forced Napoleon in when he 
the 


however, 


been upon her by 


limited strength of her standing army to 42,009, 


without, stipulating how long the men should 


serve. General Scharnhorst consequently introduced a 


method by which recruits were kept in the ranks a 


certain time and then allowed to go home on furlough 
being filled by fresh The develop 
called 


to collect her armies in eight days in 


their places men 


ment of this plan, now mobilization, enabled 


North Germany 


July, 1870. Mobilization, however, does not merely 


bring the masses of men together; 
when 


it also equips, arms 


and supplies them, so that assembled they ar 


ready to take the field. Writing on this subject, Gen 


Merritt says: “The wonderful preparation of the 
German army down to the smallest minutia, the close 
calculations of the capacity of the means of trans- 
portation, the brilliant combinations accomplished to 


the smallest part of a day, were such that it was only 


necessary to insert the date of the first day of mo- 
bilization in the marching and time-tables for the 


movement of the troops to commence and the dates of 
their arrival at the point of concentration to tbe 
known.” Some notion of the amount of work 
may be gathered from the fact that all the railways in 
North were solely employed for eight 
in carrying it But it that the 
of rapidity in mobilization had not then been reached, 
France can mobilize and de- 
her army in and 
while the German cavalry divisions are always 


involved 


Germany days 


out would seem limit 


for it is now stated that 


ploy fourteen days Russia in six 


weeks, 


ready to take the field in twelve hours and the army 
corps nearest the Rhine can be mobilized in forty 
eight hours. 


of assembly is the 
the 
possible to subsist enormous bodies 


The great factor in this celerity 
railway. “Facility of transportation by agency of 
steam has made it 
large distances in a 


In 1870 the Germans trans- 


and to them over 


very short space of time.” 


of men move 


ported 280,000 men an average distance of 300 miles 
in eight days, using six double-track lines. The num- 
ber of troop trains despatched each day was only 


twenty-four on each road, but seeing that the managers 
of all the main 
run 180 trains every twenty-four hours on each of their 


English lines assert their ability to 


a possibility of effecting such 
the Italian 


roads, there seems to be 


a concentration in at most two days. In 


War of 1859, 12,000 men and 650 horses were carried 
from Paris to Marseilles, a distance of about 400 
miles, in twenty-four hours. General Hooker's corps, 


22 000 with all its baggage, was transported in 
from the Rapidan to Stephenson, Ala., a 


1,192 miles, over single-track roads 3ut 


men, 
seven days 
distance of 
there is a limit beyond which there is no time gained 
in moving large bodies of troops by rail. Gen. 
Wolseley estimates that for English 


ways 600 cavalry and infantry, with their proportion 


double-line raii- 
of guns and baggage, is the maximum number to the 
distance to be made that can be advantage- 
ously transported. For short distances, therefore, there 
can be no doubt but that it is better 
than to carry them by rail. 

The following are some of 
American railroad transportation: 

It takes about 150 troops trains to transport a corps 


mile of 
to march troops 


the estimates given for 


and its equipment. 

One passenger car seats fifty-six men; can carry 
seventy-five to one hundred. 

One box or flat car can carry ten to twenty tons 


of stores. 

One flat car can carry two guns, limbers and caissons 
if properly packed, or two army wagons loaded. 

One horse-car can contain fifteen to seventeen horses. 


Half an hour is the time allowed for loading a field 
battery or squadron of cavalry, provided proper plat 
forms are furnished. Infantry can embark in a few 
minutes. 

All railways 


be of 


used for strategical purposes should 


the same gage. Great inconvenience and delay 
was caused in the Turco-Russian War of 1877 by the 
fact of the Roumanian lines being of 
different gages. Another that the roads 
should be under the full control of the military author 


ities. 


and Russian 


essential is 


Most European armies have a special branch 


of the staff which attends to railroading alone. In 
England there is a volunteer railroad corps, in which 
the managers of many of the leading lines are com- 


manding officers of the various battalions; and during 


the Rebellion in this country the railways, except 
those captured from the enemy, although under Gov- 
ernment control, were managed by their own em 
ployees. The fatal delay of the French army during 
their last war in mobilization and concentration was, 
in great measure, due to the want of proper organ- 
ization, indeed, utter disorganization, of the railway 
systems of the country 

Navigable rivers and the ocean furnish much surer 
lines of transport than do railroads, which are more 


vulnerable than 
the 
certain to be destroyed 
the 


during the war of 


common roads, and are, indeed, when 
States, 
aris is author- 
the Federals 
were supplied by a river their 
and 


near frontiers of two contending 


The Comte de 
that, 


neariy 


ity for statement 


1861 


whenever 


progress was certain their decisive, 


while the successes they obtained by following a sim- 


conquests 


ple line of railway were always precarious, new dan 
gers springing up in their rear as they advanced. 
The capacity of the ordinary Ohio River steamboat 
is about 500 tons, or as great as two freight trains of 
fwenty cars each, and it could carry supplies for an 
army of 40,000 men and 18,000 horses for almost two 
the fact that the conveyance of 
troops by sea has been enormously facilitated by mod 
ern inventions, Great Britain 
shipping to send her 
88,000 men, 30,000 horses and 


days. In spite of 
not sufficient avai.- 
miniature field-army of 
wagons, etc 
than fourteen 


has 
able 
4,300 guns, 
take 
6,000 


which would 
that is, 
applies to long voyages, however, for it is stated that 
the army Napoleon gathered at 
the invasion of England, viz., 114,000 men, 7,000 horses 


point 
feach, 


10 any more 


days to some miles. This only 


which Boulogne for 


and 960 guns, etc., could be shipped across the channel 


in seventy-eight steamers of 3,000 tons each The 
time taken to embark is comparatively short; two 
French divisions in the War of 1859 were placed 
aboard ship in ten hours. On March 17th, 1862, Gen. 


McClellan's began its embarkation at Washing- 
ton, Perryville and Alexandria, and by April 5th there 
had Fortress Monroe, a distance 
of 188 miles, 121,500 men, 14,592 animals, 1,150 wagons, 
14 batteries, 74 ambulances, besides pontoon bridges, 


army 


been transported to 


telegraph material and the other equipage required 
for an army of that size. 

It is where rail and water communications are 
wanting that the most serious question of transpor 


tation is encountered, and one which in spite of their 
care and provision greatly troubled the German armies, 


that of wagon carriage. Gen. Hamley tells us that the 


supply trains of the German army in an enemy's 
country consist of 560 wagons for each corps; 400 of 
these are to draw subsistence stores from the mag- 


160 are immediately attached to the corps 
organized 


azines and 
altogether in France fourteen 
German corps, besides the Grand Corps and some un 
assigned divisions. Taking the 
corps, the total number of wagons 
ployed in the transport of provisions and forage alone 
would in one column 


Even this large number did not 


There were 


whole as_ sixteen 
constantly em 
cover a dis 


was 8,960, which 


tance of ninety miles. 


prove sufficient, and notwithstanding the activity of 
their light cavalry in seizing the country wagons 
of the French, the complaint of want of vehicles to 
carry their supplies from the railroads to their va 


rious points of operations, usually but short distances 
away, is constantly met with in their official reports 
Taking the amount of wagon transportation which 
Gen. Sherman’s army had on the march from Atlanta 


to Savannah as a basis, it will be found that had 
the German armies which first entered France been 
cut off from their base and been compelled to depend 
upon foraging for subsistence it would have taken 
11.525, or 1386 miles of wagons, to have carried five 
days’ rations and grain for them and to have left 
enough empty wagons to bring in the captured pro 
visions. 


(To be continued.) 
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The Marine Diesel Engine 


A Reversible Engine That Can Be Used Like a Steam Engine 


Tue gasolis ind o " if 1itherto employed for 
narin Ine i 4 ‘ out xception of the 
vel I ‘ i ¢ ie type { revers 
ile er \ ) ised | 4 steam engine to 
I ing n speed or to reverse 

i 1 id he tofore been built yut now 

vw Sulzer-D | marine engine, re 


uivantages of oil 





i 1 Sw é ind Ihe 
) iil ise ar vell understood, and in 
mon ) n h obvious features as 
i k and weight, both of the fuel and of the 
i nery s rh advantages of the oil engine 
marticula weentuated in the ise of the Sulzer 
1) noto nasmuch as in be run with heavy 
wh as petro im idu ind other products 
\ " inn e used in ordinary gasoline engines 
the difficulty of producing ignition In th 
pte ) not arbureted as in the commo' 
1utomobile motor, bu 3 in Mluced into the 
nd yy compressed air in the form of a spray 
As i vell known, the Diese ngine se no separate 
niter, the gas within ‘ vlinder being spontane 
isly ignited by the hea ) ompression This ar 
ul ment make t possible to very accurately regu 
ite the amount of oil fed in at each stroke when run 
under a given load At the same time, a governor 
iutomat il y ont } the lee d for differs nt loads So 
hat when the ngine 3 running, this feature require 
no further attention 
As the liquid fuel employed has a high flash point 
her s no danger of explosion or fir on the other 
hand here is no fear of any poisonous gases being 
spread, as is apt to occur in the case of producer-gas 
plants, whet they have not infrequently been the 
ause of dangerous and even fatal cases of asphyxia 
This feature s of part ilar importance for marine 
work, in view of the limited space and difficulty of 
veniiation on board a ship As the combustion in 
the Sulzer-Diesel engine is almost perfect, the motor 
keeps very clean and is not at all apt to become clogged 
with dirt, even after a long run There are cases on 
record in which such a motor has run for several 
vears, often working for weeks at a time without 
toppit Cleaning " ssary only at long intervals 
These points also are of particular importance for 
yarine motors, as is also the fact that the engine 
ilways ready to start, requiring no ring up or other 
aration i there is no boiler or gas producer to 
start up. The engine can be started at short notic 
n two or three minutes, a reserve of compressed air 
heing held in readiness for this purpose in steel cylin 
ders harged by he motor itself in a previous run. 
The description given so far applies to the regula 


THE REVERSIBLE DIESEL MOTOR 





SPECIAL 


stationary type of the Sulzer-Diesel engine The im- 
portant feature about the new marine model is its 
reversibility Almost without exception the gas or 
gasoline engines built for marine work heretofore 


have been of the usual non-reversible type, similar to 


the automobile motor With such engines it is neces- 


sary either to use a special reversing gear, or else to 
provide a propeller with reversible blades Even 
where reversible oil engines were tried, they had to be 


incoupled from the propeller shaft, then reversed, and 


finally re-connected to the shaft, since it was impossi- 
ble to reverse them while driving the screw A high 
power engine cannot be built in this way, for when 
= 
4 = 

} 

} 

} 





= 
The Diesel Marine Motor in Position Horse-power 
100. Total Weight 5 tons. 
incoupled from the propeller it is very apt to race. 


Besides, the operation of uncoupling and recoupling 


ind during the interval the operator 
On the other hand, 


akes some time, 
has no control over the propeller. 
that 


ble propeller blades can very well be used with high- 


it appears neither friction clutches nor reversi 


power engines, 

The accompanying engraving shows the new reversi 
differs from the 
being designed 


engine. It 

engines by 
The 
starts up easily in any 
is used than hith- 


ble Sulzer-Diesel marine 


previous forms of Diesel 


for two strokes instead of four new motor car 


ries four cylinders, so that it 


position 4 much lighter fly wheel 


erto. An air mounted together with the en- 


for use with the oil feed, and a second air pump 


pump is 
gine 


is provided for the purpose of cooling the cylinders. 


The starting and reversing is readily carried out by 


hand. 
A small 


regulates speed and power 


feed and thus 


4 set of small compressed 


hand wheel controls the oil 


iir cylinders and an oil tank complete the outfit, which 
altogether does not weigh more than the steam engine 














DESIGN FOR MARINE USE. 


the 
weight, 
peller and shaft, does not 


boat of 
total 


aone of a torpedo 


the 


same power. At 
exclusive of the 
100 pound 
The engine can be built in size ) 
and 


present time 
exceed 60 to 
the horse-power 
to a thousand 


horse-power more. 


Production of Pig Iron by Electricity 
from Consut Sruart J. Futter, Gothenburg, Swe. 


Tue first report of the experiments in the 
tion of iron ore in electric blast furnaces at ‘1 
hatten, in the Gothenburg consular district, has Ww 
been made public by the Jarnkontoret, or Iron | 
tute of Sweden, the co-operative § association if 


Swedish iron manufacturers with 


necessary to bui i 


which, governiuent 


support, provided the money 


plant large enough to approximate ordinary m 
mere al conditions in manufacture on a large 

The total cost of the plant was 320,470 ¢: is 
($85,886), which was $26,800 more than the orizinal 


estimates. On the basis of the selling price for the 
product, which was established by the committ: n 
charge as a basis for computing the practicability 


of the results, the experimental business has, how 


been self supporting, even for the short period 
it has been in operation. 


ever, 
that 

Special attention has been given to the constructive 
details of the furnace, the consumption of electrodes, 


and best form of these to use, the consumption of 
electrical energy per ton of iron produced, the con 
sumption of coal for the same, and the important 
problem of gas circulation and possible utilization 
to best advantage. In charge of these experiments 
has been a chief engineer, with operating engineers 
under him in charge of actual operation, collection 
of data, chemical laboratory, and drawings and cal 


all, 28 men. 
FURNACE 


culations—in 
EQUIPMENT OF 
The 


electrodes, 


CONSUMPTION OF ELECTRODES 
to have been built with 
formed by four electrode carbons 
placed together in the form of a square. The dimen 
sions of the electrodes are 2,000 by 600 by 600 milli- 
meters (78.74 by 2 Elee- 
trodes from Hoganas “nlania’ 
Silesia 


is stated 
each 


furnace four 


522 by 23.622 


Sweden, 





inches). 
and so-called 
experimented 
found to be 
The 
operation are 
the smelting 
representing the total 
utilization 


electrodes from were with. 


Those of Swedish make were equally 


but somewhat 
the 


very 


durable more uneven. repairs 


necessary during five months of 


said to have been light, so far as 


room is concerned, 18 hours 


The circulation of the gases and their will 
further 
the Further 
as to the best shape and dimensions for the furnace 
on the 


require experiments, which are to be con- 


ducted in present plant. investigation 


are also programme. 

The consumption of electrodes per ton of 
duced 
pounds) 


Iron 
to have averaged 10.28 kilos (22.6634 
(11.6183 


operation, but, owing to im- 


pro- 
is stated 





and 7 kilos pounds) nei 


for the whole period of 


zross 





provements now thought possible to 


the gross consumption of electrodes to a 


developed, it is 
bring down 


figure approximating the net. It is also thought that 
greater economy would result from the use of thre 
phase current and six ele@trodes. 

Up to date only unburnt limestone has been util- 
ized, but it is thought that the use of calcined lime 
stone will prove more economical. 

It is stated that the results obtained from this five 


months of experimental operation warrant the opinion 
that the the 
duction of iron ore in the electric furnace by the use 


question of econom cally successful 

of cheap electric energy has been solved and that the 
perfection of methods for handling the gases io secu 
effective circulation, if 
will greatly better 


a more not their util zation, 


the results already obtained 
CONSUMPTION OF COAT CHEAP POWER. 
for the whole 


pounds to 


The 


period of 


average consumption of coal 


come to 922 


has 


operations 


ton of pig iron, as a preliminary estima 





741 pounds However, an average made to co\ t 
considerable proportion of the period of operation 
showed a consumption of only 816 pounds, and s 
hoped to better this result. The statement is made 
that in the introduction of new metallurgical ) 
cesses the full utilization of the fuel is never rea I 


without considerable experimentation. 


It is hoped to reach the preliminary estima 4 
three tons of p'g iron per horse-power per yea n 
production, although the results so far have ” 
only 2.7 tons. 

Feeling that the government subvention in 1¢ 
shape of power furnished at a merely nominal! 
is now no longer warranted, in view of the su S 


* From Daily Consular and Trade Reports. 
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vriments, the water-power commission has its plant going at a rate exceeding $10.72 per annum adapted to the manufacture of steel as is the ordinary 








o raise the price of the electric current the question of the adjustment of the rate is under Swedish pig iron. The steel made therefrom has 
to $13.40 per kilowatt year, but as the Iron’ consideration. been tried ‘for various purposes and found to be satis- 
aims that it can not economically keep Trials have proved that the product is as weil factory. 


Flaws and “Diseases” of Metals 
Their Metallographic Diagnosis 


By the Paris Correspondent of the Scientific American 


| known that the properties of metal are For instance, with stamped or spun metal such as tically true for steel by M. Robin, but for extra-soft 
yy forging, drawing, and other like treat- brass lamps, part of the metal may be hardened by the iron it may be 2.3 times, and for copper 2.5 times 
ereby its hardness is increased, and it may process and the rest left soft, so that there is a con- The study of copper at different heats is important 
hat here the metal, in fact, is in another tagion between the parts, and the metal finally breaks for wire drawing especially It is best drawn at 
tate Just what effect takes place under by internal strains. It is known that cold rolled or 0 deg. C. (32 deg. F.), as the hardness is maximum 
iditions, however, appears to be somewhat drawn brass is much more affected than hot-treate: here, falling off on either side in liquid air or at heats 
ind the recent researches undertaken in this metal, by handling and by temperature changes of 200 to 600 deg. C. (392 to 1,112 F.) Brass gives 
VM. F. Robin, a prominent metallurgist of Sometimes brass bars left in the storeroom are found about the same results. For brass having below 25 
nost timely. This work has been indorsed to crack along their whole length; due no doubt to per cent zine the cold process is used, but the metal 
iuthorities such as M. Leon Guillet, as the effect of imperfectly worked parts upon the other becomes brittle and needs to be annealed .to soften it. 
aluable contribution to the state of our portions of the metal. We thus have what may be However, with 35 to 45 per cent zine it can be worked 
both from a theoretical and a practical called a contagious disease of mechanically worked when hot so as to avoid annealing. 
t metals, and from a practical standpoint this is of As regards carbon steel, various steels show differ- 
‘tals which have been given a treatment by great interest. This point, as well as many others ent behavior, having in general about 100 per cent 
old rolling, ete., are of current use in the relating to hitherto obscure properties of treated hardening by treatment. Manganese, silica, etc., in- 
and they are often preferred for the reason metals, are brought out in M. Robin’s experiments crease this considerably. The point of maximum 
verfected machine processes give them in The present researches bear upon the modifications hardness is about 300 deg. C. (572 F.) As to special 
xactly calibrated sizes, such as drawn steel, which a metal undergoes when machine treated. Forg- steels, nickel increases the hardness For chrome- 

















Fissures produced by Fig. 2.—Fissures in marten- Fig. 3.—Bronze cracked by Fig. 4.—Steel containing 13% rig. 5.—The same, forged at 


forging malleable brass. site after forging. forging. Mn. and 1% C. 185 deg. C. in liquid air. 




















Fig 6. Crystal embedded in Fig. 7.—“Neumann’s Lines” Fig. 8.—‘Neumann’s Lines” in rig. 9.—‘Neumann’s Lines” in 
phosphoritic ferrite. in a specimen of steel. a piece forged at 185 deg. C steel forged at 200 deg. C 
bronzes and brass used for lathe work, and also tubes ing, rolling or drawing modifies the structure of nickel steels a remarkable rise is seen above 700 deg. 
ol such metals. Researches upon the effect of me metals, changing the direction of the crystalline ele- CC. (1,292 F.), and the metal becomes as hard as tem 

hanical treatment of metals are therefore extremely ments and breaking the crystals. The changes of pered steel. 

important. In general, such treatment (drawing, cold direction, and still more the breaking up of the crys Mechanical treatment of metals appears to be ac 
rolling, ete.) increases the toughness of the metal, and tals thus caused, is found to increase the resistance companied by a slight increase in density, and the 
t is evident that for smaller diameters of metal, the and the hardness of metals. The first experiments metal is here in a state which is quite different from 
effect is greater than for large diameters. The chem- were made in order to find the hardness of steel and the normal. Microscopic examination leads us to 
cal properties are also modified, and it is shown that other metals when the operation was carried out at believe with Beilby, that the metal is in a pulvurent 
t mechanically treated metal alters more easily by different heats. Cylinders of metal whose height state which is unlike the ordinary crystalline condi 
hemical effects in the case of the untreated material. equals the diameter are forged under a drop-hammer tion. This pulvurent state can be likened to the 
A very interesting point bears upon the contagious by determined quantities or the different heats up liquid state, as we notice with bismuth; this metal 
liseases of metals. This was first noticed in relation to low redness, water or mercury baths were used, is denser in the liquid than in the solid state, and 
o un id consists of a change from white tin to a and the temperature is measured by a thermo-electric experiment shows that worked bismuth is denser than 


powdery state of the metal. What is singu- pyrometer At higher heats, the samples are heated the ordinary metal lor other metals which are less 

iat if we sow powdery tin upon the healthy in a small firebrick furnace Liquid air baths are dense liquid than when solid, the density is lessened 

nuetal the change takes place more rapidly used for very low temperatures. M. Robin thus ob by mechanical trea’ ment, showing that the pulvurent 

ie first case where a contagious disease of tains an extensive series of data which are of great state lies between the solid and the liquid state 

noticed, but there is another which has interest. Again, mechanical treatment lessens the malleability 

reater bearing on practical work. Take a The hardness obtained by the mechanical treatment of metals in general, but on the contrary increases 

old-rolled metal which is thereby hardened. of metals, increases with the force which is applied, that of b’smuth which becomes ductile and flexible 
iy upon it the same metal but in the softer but after a certain point the hardness due to this cause when forced through an opening by high pressure 

| sta'e, the hard metal becomes softened no longer increases, and may even fall off again The structure of the surface layer of a mechanically 

mn, and this even in the cold. When heated, slightly. Each metal has in fact a limiting value for reated metal appears to be due rather ‘o surface ten 

stronger the hardness which can be given to it by forging, draw- sion than to crystallization forces. M. Robin examines 

to this. all the mechanically treated ing or rolling. This depends, however, upon the the specimens of metal under the microscope and con 

is drawn wires or rods are in an unstab!e method of treatment to a certain extent. firms this opinion. Cracks like those which occur in 

( as soon as this is disturbed by a softer As to the variation of hardness with the working enamel! or in membranes are observed In Fig. 1 are 

time kind, the metal tends to reach a heat, Le Chatelier remarked that the pure melals gen seen the fissure produced by forging malleable brass 

\ t matter of fact, strains are set up erally doubled their breaking strain by cold rolling. at 300 deg. C. (4572 deg. F.) The fissure given by 


etal which may even cause it to break. etc., of annealed metal. This is found to be prac- forging steel (martensite) often cross each other at 
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ght angles (Fig. 2) or follow ie joints of the metal 
grains Fig } hows the appearance of bronzes 
cracked by forging Sti aving } pe ent man 
ganese and | per cent irbor ound to increase in 
hardness Vv forging 1 lig { al wing to the pro 
duction of martensite ft and 5) However, a 


metals; 


fine grain is not an essential condition for hardening, 


ind microscopic examination cannot in general give 


is direct conclusions as to hardness or resistance of 


one exception is for pure ferrite (Fig. 6), and 
has then a better and a larger crystalization 


In some cases what are known as “Neumann's lines 


Avaust 26, 191} 


are formed, and these are well 
large crystalline 
(Fig. 7 
seems to follow the brittleness of a metal but no 


displayed in sg! 


having parts such as 


The development of 


Phosp! 
ferrite 


these s 


hardness due to treatment. Lines so developed 


also seen in Figs. 8 and 9. 


Practical Aspects of Printing Telegraphy—V 


An Inventor on the Difficulties to be Encountered and the Way to Overcome Them 





ALPILART Al nm RELI 
Nor onl her at difieu n getting a print 
é il ) vork yerfer \ ind ) ive ime 
bol ind telegraph line yu 1180 f it 0 » into 
xtensive use, it must have ufficient elasticity to fit 
n with the requirement rf irious telegraph admin 
trations Reference ias alread een made to the 
varving conditions to be und I lifferent yarts of 
KMurope One of e most ou lifficulties arises out 
of lack of uniformit n language The general effects 
if the limits imposed by diversitie if language have 
ilready been erred », but there me special aspe 
tf h natter that need further attention Out of 
m varying language pring ur’) g alphabet ind a 
rinting telegraph suitable for use in Eng speaking 
vuniric s by no means suitable forthwith for coun 
es using another angu Out 7 these varyvin 
ilphabets spring up seve nechanica roubles On 
f the chief mechanical problems in a printing tele 
rraph is the same as in a typew er, namely, to bring 
iny one of a given number of pe fo one prin ing point 
ind to return if to it osition of rest in e shortest 
ssible me The size of the type which con 
venient to read and which print learly under typ 
vriter onditions as an mportant earing on the 
jnuestion There are fair lefinite limitations in re 
ird to the e of the typ There are also limitation 
o the number of pe if operation ot to be ver 
ow \ owl I ' istane vith 10,000 different 
haractet youtd wave wha » Tet ong or 1 t 
va i ve-wheel machine " owheel wonld he 
’ ! ” et n diamet I meow! dom 1Aa\ 
more han %) characts Cha ibout T imit o 
vhat is practicable Serious mechanica lifficulties 
irise with the introduction of any greater inber of 
haracters With printing telegraph ther ire still 
further limitations arising out of the des 0 ignals 
These impose a practica mit of about 50 to 60 cha 
wtel ror instance vith the 5-un ilphabet used in 
the Baudot and the Murray systems, there a1 12 pos 
sible signa rroups wrmutations of five thing taken 
», 3, 4, and 5 at a time) By using a shift key this 
number can be doubled, but as the space signal and 
two or three operation signals have to be provided for 
there are practically about 54 characters that it is pos 
ible to transmit with the 5-unit alphabet A second 


} 


hift kev may be used, giving about 0 different char 


iters, but vo lifts ental ) nucn oss 0 | me n 
operation, and it is very desirable o adhe to one 
hift only As we a ynfined to about 54 character 
and as we have to provide 10 numer ind about 
sunctuation marl ind other figures, it is not practica 
ile to provide both apitals and small letters It is 
mua n printing telegraph » employ upital letters 
mm but the German Telegraph Administration pre 
fers nall lett miy ntifie ivestigation having 
hown ia mall letters ar no 1 wt and easily 

ud than ipita ette he 10 difficulty in 
rovidin ol iat differen n ul ut when we 
ul limited to + charac ind ren ach muuntry 
equ ome pe i 1a ually ‘ ra i 
cented lette h lifficult I re ise of a printin 
eclegraph that aspires to be used internationally be 
omes seriou 

I kin rough " ilphabets f the eadin lan 
vages of Europ (¢ 1ding Russia Vhich has a 
pecia ilphalhe rf ww \ find ollowing 
haractet 

COM ME ‘ \ 
1 efohijkimnopars / 1hO7S90 
SPRCTAI T ‘ ' 

(} ’ hie ine ) ) i 

rule nera ist na rrinted natter in Ger 
many nploved ! } felegrapnh el 
cet ‘ win l il trermnan ol 

) n nit Telegraph Con i Tr 
is i ind th | 
& ! 





acter has also been 


on evel 


By Donald Murray, M.A. 
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lustria Special requirements in Austria are 
nes 

fungary in ie Hungarian language there are a 
ariety of ac nted letter imongst others he fol 
wing 

0 ; ; ‘ t a 

Italy Che rave accent is used with all the vowels 
n Italy, but in the telegraph service only @ ¢ 6 @ are 
nuployed, and these only in Mor For the Hughes 
le accents are dropped, and for the Baudot the Bau 
lot character ire employed eis practically th mis 
recented tte wtually emploved It is ubstituted 
or n Italy and in the Italian telegraph ser ‘ 
I hee 

/ nN The a nted letters cod are ommon in 
french words, but only ¢ is used in telegrams In 
} } } 


1e Baudot systems, in addition to the letters and nu 


merals and the International Convention punctuation 


nal iere are a number of special characters as 
) wes 
>No . 
Vorwa Che telegraphic alphabet employed in Nox 
i) ills for 
~~ ' 
N len The telegraphic alphabet used in Sweden 
rrovides for 
add 
The International Telegraph Convention al 
sely lowed in Spain The Spanish a 


NTERNATIONAL MURRAY K 


) ‘ S >) \ 8 \9 w) 
m it” i a 
\ > ) \ { ! r J) (« { 
Q y , \ F \ ) (pre 
Z " 3 NY M / + 
)(%*) - ia bee #e 
. » ' mi 4 , a 
‘ —--—~ ~~. ~ 
LTRS) (STOP) (START ) (LINE) (FIGS) 
‘ ss? 
Fig. 1 
ented vowels are the reverse of the Italian and carry 
ne acute accent 
acrt)~eotun 
ut they are not used in telegrams, except ¢, and it is 
miy on very rare occasions that it is necessary to 
xplain at the bottom of a message at a vowel in a 
rtain word is accented Is usually employed for # 


RUSSIAN MURRAY KEYBOARD 





AA\ (US\ (AD\ (F\ (FO) AAA OD KR fd 
ery Lu sy WwW) \@/) \emy J \W/ \3 , 
BD (KR EC BB\ (GN\ MMR GF 
$3 2, *d : \ - a =r , foo 
a aA — » 
Gye) (mae) (700) mona) (Umer 
rig. 2 
Hngland rh ontusion between ictions and shill 
ngs through the use of the fraction stroke las re 
ently led to the employmen n the British telegraph 
service of the special character as the shilling stroke, 
the sloping being kep: for fractions A special char 


introduced to separate whole num 


ers from fractions thus, 2 3/8 Otherwise there are 


10 special laracters required im English telegrams 


ind there are no arcents in the English alphabet 


International Convention ‘he alphabet provided by 


he International Telegraph Convention, in addition 


to the 26 letters of the alphabet and 10 numerals, em 
Noys the following punctuation and other marks: 

>! ()& 
Several of these iaracters are quite useless for te! 
rraphic surposes, as hey ire never required. No 


wants to telegraph a semi-colon, for instance. 


he administrations, however, adhere to the conven- 


tion more or less and the characters have to ) 
vided 

Cable Companics.—Most of the cable compani 0 
vide Morse signals for 

adoracnou! 

but they are seldom required. 

Esperanto.—The Esperanto alphabet only cal or 
notice as an amusing curiosity It employs the r 


umflex accented letters 


oh s and u 
One of the chief advantages of an internationa iNi- 
zuage 


would be for international telegrams, but it is 


not quite clear how these accented letters are to be 
telegraphed. 

Russia The Russian language is provided with a 
commodious alphabet of its own with 36 characters 
It is 


outside of Russia 


impossible to send telegrams in this alphabet 


Japan.—The Japanese language is represented by 


an alphabet of 48 letters, 10 numerals, 7 punctuation 
ind other marks, in all 65 characters. As in the case 
of the Russian alphabet, it is impossible to send tele 
Japanese alphabet outside of Japan. 


it will be seen that any printing tele- 


grams in the 
Summing up 

graph system aspiring to suit merely the leading Eu- 

excluding Russia. would have to 


ropean languages, 


provide 


26 ordinary letters of the alphabet 


) numerals. 


S punctuation marks 
6 accented letters and other special char 


acters (probably more than 16). 


70 characters in all. 
In the Murray systems the difficulty was overcome 
by providing an international keyboard and reserving 
seven characters for national use, as in Fig. 1. 
The secondary positions on key buttons S DF GU 
J K are reserved for national characters to be used 
in telegrams not passing out of one country. The idea 
is that a telegram using only the international! char 
acters shown in the diagram can be transmitted and 
retransmitted automatically on the Murray systems on 
international 
from Dublin 
Petersburg. 


Murray circuits on any lines to any 


point required—for instance, through 


London and Berlin on to St 


This keyboard arrangement worked satisfactorily 


until the Murray system was installed in Sweden. it 
vas then found that W r and y are seldom used In 
Owing 
the 


Sweden, and a « and 6 are frequently used. 
arising from putting them ir 


characters, it was 


to the loss of time 
secondary national 
decided to put these accented letters in the place of 
rand y going 


positions for 


/ in the primary positions, 
This has made a break 


or and 
into secondary positions. 
break, so far, in the internationality of the 
the in 


the only 
Murray 
ternational arrangement of the Murray 
alphabet difficulty 


because a 


ystems In Norway they adhere to 
keyboard 


! 


In Russia the anpeared at 


sight to be insurmountable, printing it 
graph in Russia must print both Roman ard Russian 


Py 


As there are 26 Roman letters and 36 Rvssian 


letters 
and 10 numerals, and about 15 other necessary figures 
and punctuation marks. we have about 87 chara 
provided. The Hughes and Baudot s 
which are extensively used in Russia 
overcame the difficulty by providing two distinct 
with Roman type and the other with 
When in a Russian 

letters has to be transmitted, the se! 


n all to be 
tems, both of 
wheels, one 
sian type message a WO! 
Roman 


operator has a special call to attract the attention of 
the receiving operator, who then shifts the type-w 3 
on their spindle so as to bring the Roman letter-\ 
into printing position, and vice versa This 
clumsy device serves its purpose well, but it ot 
applicable in the case of a typebar typewriter 
that used in the Murray automatic system. It Is ) 


not automatic In the case of the Murray aut 
system the difficulty was overcome as follows 
Out of 36 letters in the Russian alphabet only 
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9% ar ly necessary, and one of these bI, can oe 
print y using two other letters. This leaves %2 
chara to be provided; 13 of these are the same 
as t! ian alphabet though representing different 
sound {, for instance, in Russian represents the 
Roma P is Rand Cis S. This reduced the num 
ber of racters required to print both Russian and 
Roma 64. This was practicable, and it was pro- 
vided wo shift keys. One key shifts from letters 
to fig ind the other key shifts from Russian to 
Roma! tters. The selecting mechanism is neces- 
sarily v intricate to meet such requirements, but 
once it made it works well and easily, and it is 
automa that is to say, the printing of Russian or 
Roman tters and figures at the distant station is 
done ely by the sending operator. 

The Russian Murray keyboard is shown in Fig. 2. 

One vy out of these difficulties would be to use the 
6-unit alphabet instead of the 5-unit alphabet. This 
would rovide 64 signals, and 64 keys and no shift 
keys t would meet the requirements of nearly all 
languages, but it has the serious drawbacks that it 
would rease the complexity of the apparatus in the 
ratio otf to 6, and double the size of the keyboard 
and the number of keys; and worst of all, it would 
inerease the number of signals on the line from a 
trifle over five to six, an increase of nearly 20 per 
cent This would be a distinct handicap in the case 
of long or difficult lines, but it would still be shorter 
than the Morse alphabet in the ratio of 6 to 8, in the 
ease of the Murray automatic system. In the case of 


the Murray and the Baudot multiplex systems cor 
recting and retardation segments would bring un the 
length of the signals nearly to the level of the Morse. 
It would also necessitate the abandonment of the use 
of a letter-shift printing mechanism corresponding to 
he shift-key typewriters. This would practically 
double the complexity of the printing mechanism in 
the case of the multiplex. The full non-shift keyboard 
with a separate key for each character is undoubtedly 
a little quicker than the shift-key keyboard; but the 
gain is only about 5 per cent, and most printing tele- 
graphs have adopted the shift-key arrangement in 





preference to the extra complexity of mechanism and 
reduced line efficiency of the “one key one character” 
arrangement with its longer code of signals. The 
same problem confronts the typewriter manufacturers. 
The full keyboard non-shift key typewriters are un- 
doubtedly somewhat more rapid in operation than the 
shift-key machines, but the number of shift-key type- 
writers, especially those of the Remington pattern, 
greatly exceeds the number of the full keyboard type- 





writers 

In the case of Japan, the alphabet difficulties are 
more serious even than in Russia, and the 6-unit, or 
some correspondently lengthened code of signals, will 
be a necessity In Japan, Roman letters are not in 
use. and there is a special Japanese alphabet of 48 
etters, 10 Arabic numerals, and 7 punctuation marks 
and accen's, in all 65 characters as a minimum. Also, 
instead of reading horizontally from left to right, the 
Japanese read the lines vertically from top to bottom 


and pass from line to line from right to 





left. It is exactly like reading a European book turned 
round to the right till the lines are vertical. A still 
more formidable difficulty is that the Japanese alpha 


bet is used mixed up with Chinese ideographs. For 
this reason, up to the present, it has not been -possi- 
ble even to use typewriters in Japan. Some books are 
printed in Japan with the Japanese alphabet only. but 


nakes the books very voluminous. The Chinese 
ideographs are really a system of shorthand, one 
character representing one word. This greatly re- 
luces the bulk of a book. With the exceptions of the 
en ideographs, which we call Arabic numerals, it is 


+ 


Impossible to telegraph ideographs, because we can- 
holt spe leographs, and spelling is the foundation of 
telegraphy. For telegraphic purposes in Japan it was 
therefore necessary to use the Japanese alphabet only, 
and the existence of a Japanese alphabet was found 
o be a very great assistance in the rapid spread of 
elegraphy in Japan. In addition to the 48 Japanese 
letters there are also 25 umlaut, or accented charac- 
ters. Fortunately, as the accents are above the letters 
ind as the letters are written in vertical columns, the 
accent can be printed as a separate character before 
and therefore above the letter The difficulties of 


adapting a printing telegraph to such an alphabet are 
very great, and up to the present the only printing 
telegraphs in use in Japan are a few stock-tickers, in- 
luding the Siemens and Halske Ferndrucker. The 
prob Ss very difficult but not insoluble. Instead of 
the ilphabet, the 6-unit alphabet, or some other 
Orresponding lengthened alphabet or code of signa!s 
will quired. The 6-unit alphabet and a shift-key 
ad he required range of characters. Fortu- 
nately © the printing in vertical lines and reading 
the on of lines from right to left can be pro- 
vided r by inserting the message form in the type- 
Writs 


he usual way, but arranging the type to 


print horizontally instead of vertically, for instance, 
thus:— 


. ~ * fe -_— ee 
ZOe “® HHH Bese 
ie as -_: ~_—_ ~~ a 
aOR > Q SoZ 


9513 
9156 


Also it is obvious, when once we think about it, 
that the Arabic numerals can be added horizontally 
just as easily as vertically. We read figures horizon- 
tally and add them vertically The Japanese read 
figures vertically and add them horizontally. For in 
stance, they write the year 1910 thus:— 


In the case of China there are at least several 
thousand ideographic characters required for ordinary 
intercourse and there is no alphabet Telegraphy of 
any kind, to say nothing of printing telegraphy, would 


be impossible under such conditions, but by numbering 
the ideographs and by telegraphing the numbers, the 
difficulty is converted into one of coding and decoding 
at the sending and receiving stations. So far as teleg- 
raphy is concerned, under such circumstances only 
the ten numerals are needed, and an extremely simple 
printing telegraph with only ten numerals and one or 
two other characters, and using the four-unit alphabet 
with 16 permutations, will meet all requirements. 
Printing telegraph apparatus to meet these require- 
ments will be cheap, simple, and very rapid and re- 
liable. 

Of course, the alphabet difficulty only arises in the 
case of a printing telegraph working on an interna- 
tional circuit connecting two countries speaking dif- 
ferent languages It is chiefly in Europe, with its 
great variety of important languages, that the troub'e 
exists. A printing telegraph in Europe to be really 
international must meet the requirements of all the 
leading European languages. When an ocean inter- 
venes, printing telegraph communication is impossible 
at present, and the problem of conformity to two dif 
ferent alphabets does not arise. By a printing telegraph 
to be used internationally is meant a printing tele- 
graph like the Murray automatic or multiplex that 
can retransmit messages automatically from a re- 
ceived perforated tape. Obviously, for such retrans 
mission to be possible all over Europe, an interna- 
tional keyboard must be employed applicable to all the 
nations of Europe. That is what the Murray systems 
have attempted to provide, as shown in Fig. 1. 

In the case of Great Britain, there are no accen‘ed 
letters, but there is a very curious alphabetical dif- 
culty arising out of the similarity in the methods of 
writing shillings and pence and fractions. It is an 
insignificant little trifle. but it has caused much trou- 
ble to the British Telegraph Administration and seri 
ous loss to merchants. For instance, 7/8 is 7s. 8d. or 
the fraction 7. The difficulty is to discover a method 
of avoiding the confusion. It does not occur in the 
case of countries not using British coinage, and in 
ternational circuits between Great Britain and the 
Continent of Europe cannot: conform to British re- 
quirements. as they are bound by the International 
Telegranh Convention, which provides for the use of 
an Oblique stroke as the fraction sign and not as the 
shilling stroke: The Hughes, on which practically all 
British-Continental traffic is carried, represents frac- 
tions in this way, namely, 7/8. As an illustration of 
the confusion which exists, 3 7/8 may be read as. 37s. 
Sd. or as 3%. Also 37/1/2 may be 37s. 14d, or £37 
1s. 2d. To get over the difficulty, in the case of the 
Morse key and sounder a new Morse signal was intro- 
duced to indicate a break between the whole number 
and the fraction This signal used to be two M's 
--- = -— It is now ——— — This is liable to 
be confused with ————— which represents the 
cipher 0. Hence the fraction 3 7/8 is liable to be- 
come 2307/8. Again, the new signal for the Morse 
oblique stroke is confusing. It used to be three &’s 
-- 22 -e- Now it is -—--— and is liable to 
be sent -— —-—-—— which is ex. and the fraction be- 
comes 307 ez 8. 

The following is an actual case of error in a mes- 
sage from abroad. The group of figures was as fol- 
lows: 25., 4%, 5614. It was stated to be one 
group, and it was received thus: 25/1631 /443/8561/2. 

An actual case of loss arising from this confusing 
occurred in the case of the following message: “Buy 
at 1/214,” the meaning being “Buy at one shilling and 
twopence one farthing.” It was telegraphed, “Buy at 
1/2 1/4.” The addressee read it as meaning “Buy at 
1s. 2d. to 1s. 4d.,” and acted accordingly. 

A neat way out of the difficulty in the case of the 
commoner fractions is the use of what is known as 


°o1/ 
3%, 


superior figures:— 
1s 3/ 4 Ty of 
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These are printed as single characters, and are fol- 
lowed by an. ordinary. numeral or numerals for the 
denominator. Thus °/8 is very obviously a fraction 
and is distinct from 3/8, which is shillings and pence 
It is useless, however, for Continental traffic. 

Another suggestion was to use the oblique stroke 
for fractions, thus, 3/8, in accordance with the Con 
tinental practice, and to have a vertical stroke for 
shillings and pence, thus 3/8. This is a good plan, 
and it has been adopted by the British post office with 
the addition of a rather absurd fraction tie, thus 
3s. 8d. is therefore now printed 3/8 and 2s. 2%d. is 
printed 2|2-~3/4. This is certainly not clear to the 
average man, and it cannot be transmitted at all out 
side of Great Britain. The single quotation mark 
used in Norway for the same purpose is better. Also 
the verical shilling stroke is liable to be shortened by 
wear or bad printing till it is liable to be confused 
with the figure 1. It is rather difficult to see why 
the post office should not insist on the use of the 
symbols £. s. d., which are universally understood. The 
only difficulty in the way seems to be the alteration 
in the count of the number of words. 3/8 counts as 
one words; 3s. Sd. counts as four words. This frac- 
tion difficulty exists even with the Morse key, but 
printing telegraphs accentuate it. 

Printing telegraphs also using capital letters only, 
the S and D do not look so clear when printed in 
capitals, thus 3S. 8D. 

CODE AND CIPHER MESSAGES. 

A serious trouble in telegraphy is the handling of 
code, and cipher messages. Code messages are usually 
understood to be those containing words apparently 
meaningless and having no apparent relation to one 
another, and cipher messages are usually understood to 
be messages composed of numerals with a _ secret 
meaning. In America the practice of contracting well 
known words in transmission has come to be known 


as “coding.” The word “code,” however, is used here 
in its well-known international sense. Code messages 
are the usual form of commercial telegrams on long 
lines and cables, while Governments are fond of using 
cipher messages, usually in groups of five figures. An 
operator working on a keyboard can easily glance xt 
an ordinary telegram and carry several words in his 
head while he is typing on the keyboard. With code 
and cipher messages this is not possible. This !g 
obvious if we examine a fair average sample of a 
modern code message such as the following: 

“JYJEPLOLYG AYILUSTMA AVOKKOTUJS J YBOFOZNIT.’ 

Clearly such messages must be very objectionable 
from a telegraphic point of view as they impose much 
greater strain on the attention of the operators than 
ordinary comprehensible messages. There is, there- 
fore, more liability to error on the part of the sending 
operator, and there is no context to enable the receiv- 
ing operator to judge whether he is receiving sense or 
nonsense The sending operator has also to work 
much more slowly with such messages. The cost of 
transmission is therefore higher. In the case of print 
ing telegraphs code messages are also objectionable, 
because it is difficult to say, without some experience, 
whether such a telegram is a code message or a case 
where the printing mechanism has got out of unison. 
Fortunately the record made by printing telegraphs 
when they get out of unison is to a certain extent 
characteristic, and the fault can in most cases be 
recognized by an experienced operator. 

(To be continued.) 


The Circumference of a Circle of Given 
Radius 
By MABEL SYKEs. 
CARPENTERS and other tradesmen frequently wish to 
know the circumference of a circle of given radius 


The accompanying graphic method is given in some 





of the Selfeducation books as a substitute for com- 
putation: 

Draw radii AO and BO at right angles. Draw 
chord AB and line OF perpendicular to AB, meeting 
circle at E and chord at D. To 6 times the radius 
add the line DE. The resulting line is approximately 
the length of the circumference. 

Compute the approximate per cent of error, using 
e = 3.14159. Answer, about 15 per cent.—School Sci 
ence and Mathematics, 











136 


SCIENTIFIC AMERICAN SUPPLEMENT No, 1860 


Aveust 26, 191) 


The Electric Locomotives for the Létschberg Tunnel 


A New Highroad Between Italy and Western Europe 


By the English Correspondent of the Scientific American 














Mus successful boring of the huge Swiss tunnel, arried out under the supervision of Mr. L. Thormann, 
16.050 yards in length, under the Lotschberg, provid- onsulting engineer, of Berne. 

ne a new highroad between Italy and western Eu- As a result of this action two electric locomotives 
rope, has centered public interests in the arrange 1ave been acquired, one of Swiss, and the other of 
nents for electric traction which are to be adopted German origin, while three electric motor carriages 
m this railway Though this tunnel is not yet in for handling the passenger traffic on the existing line 
ervice, a section of the railway from Speiz to Frutt- ave been ordered The latter eventually will be em- 
ven has been in operation since 1901 During 1910 ployed purely for local traffic, the electric locomotives 
however steam traction was superseded by electricity being reserved for the haulage of all through-trains 
The system adopted is the single phase alternating yver the system. The motor cars are designed to seat 
current, 15,000 volts at lo cycle yn the mtact line i4 passengers and are driven by two motors, each 
The track is of standard gage, and when completed leveloping 225 horse-power They are capable of 
vill connect Frutigen with Brigue on the Simplon tun irawing a train weighing 135 tons on the Speiz-Frutt- 
vel line. the length of this section being 47 miles witb ren section of the railway. 
1 summit level of 4,100 feet The Swiss electric ocomotive onstructed by the 

The Two Thousand Horse-power Electric Locomotive (Swiss Design) 
Which Will Draw a Train of 310 Tons on a 2.7 Per Cent 
Grade at 26 Miles Per Hour 

As this line provides a direct route between Berne Oerlikon locomotive factory in accordance with their 
and Milan, and is intended to carry the whole of the wh patents, is the most powerful alternating cur 
through traffic between eastern France and Italy, rent locomotive in the world, and by far the most 
heavy conditions of trunk rail road operation, such powerful steam or electric locomotive in Europe. It 
as exists on the Gotthard line, are anticipated. Con fitted with two 1,000 horse-power motors, the total 
sequently the conversion from steam to electric work output thus being 2,000 horse-power. It exerts a draw- 
ing was one beset with considerable technical difficulty ar pull of 22,000 pounds, which is the maximum al 
on the single phase traction system with high contact owed in Europe according to international agreement, 
line voltage, as at the time the decision was made it a speed of 26 miles per hour. It will haul a train 
there was no single phase electric locomotive exceed veighing 310 tons (exclusive of engine) at this speed 


ing 1,000 horse-power in operation. 


In order to secure the very best possible results the 


authorities decided to extend manufacturers every op 


portunity of constructing and testing the most powerful 


locomotives ever designed, and for some time past 
trials and comparisons have been in constant pro- 
gress. The whole of the electrical work has been 


a 





on a 2.7 per cent grade. On the Gotthard Railway ir 
rder to handle a train of the same weight on a 


similar grade two steam locomotives are required to 


ecure a speed of 22 miles per hour. Whereas the 
lectric locomotive weighs 90 tons, the two steam ]o- 


omotives weigh approximately 


rhe 


92 
<oVU 


tons. 
constructed by 


German electri 


locomotive the 


Allgemeine Elektrigitats Gesellschaft of Ber! u 
the Winter-Eichberg motor patents is somewha S38 
powerful, having a total output of 1,600 horse-power, 


Its haulage capacity is 250 tons, exclusive of lu 


no- 
tive, on the maximum 2.7 per cent grade at 26 8 
per hour. The electrical equipment in this instance 
comprises two motors each developing 800 horse-power 

The trials with these engines were of grea m- 
portance inasmuch as the conditions experienced on 
this railway are such as never have been submitted 
to electrical operation before. From Frutigen t .an- 
dersteg, the northern entrance to the tunnel, lig- 
tance of 7.8 miles, the railway has to overcome a (iffe: 
ence of 1,385 feet in altitude giving a grade of : vey 
cent. At Speiz a capacious engine house has been erect 
ed for the accommodation of these two powerfu! loco- 


motives together with the motor coaches. 
ative trials are to be continued so that by the time the 
tunnel is opened for traffic the railway may possess a 
number of the finest and most powerful electric 
motives it is possible to procure, to handle the heavy 
raffic which is certain to flow over this new connect- 
link the Mediterranean and the 


The co npar- 


C0- 


ing between North 


Sea 





International Association of Chemical 


Societies 
On April 25th, 1911, there was called together in 
Paris a preliminary meeting of the delegates of the 
Chemical Society of London, the German Chemical 


Society and the Chemical Society of France, for the 
organizing an international 
The Chemical Society of London was represented by 
Messrs. Frankland, Meldola and Ramsay; the German 
Chemical Society was represented by Messrs. Jacob- 
son, Ostwald, and Wichelhaus; the Chemical Society 
of France, by Messrs. Béhal, Haller and Hanriot 

During the session it was voted to invite the Ameri 
an Chemical Society, the Chemical and Physical So- 
ciety of Russia, and the Union of Italian Chemical 
Societies to be repregented in the council and to name 
each three delegates. This invitation was duly pre- } 
sented to the Council of the American Chemical Society 
at their Indianapolis meeting and after careful con- 
sideration, on motion of Past President John H. Long, 
the following vote was passed. 

The American Chemical Society views with favor the 
proposal to join with the chemical societies of Lon 


purpose of association, 


don, France and Germany in the formation of an in- 
ternational association on the lines suggested in the 
provisional programme forwarded by Professor Ost 


wald, and the President of the American Chemical 
Society is hereby empowered to enter into correspond- 
ence on the details of the proposed organization 


Sympathetic Ink (green).—(a) Solution of nitrate 
of cobalt mixed with a solution of nitrate of nickel; 
the writing visible after warming. (b) 
Write with a solution of arsenate of potash; bring up 
with a solution of nitrate of copper. A 


becomes 





Sympathetic Ink (red ).—Write with a very strongly 
dilute solution of aurous chloride of sodium; after 
drying, go over with a bath sponge, dipped in solution 
of tin salts. 





























The 1,600-Horse-power Electric Locomotive for the Létschberg Railway 


THE ELECTRIC LOCOMOTIVES FOR 


THE LOTSCHBERG 


The Electric Locomotive House at Spiez. 
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The Evolution of the Umbrella 


The Great Antiquity of this Commodity 


TH ention of the umbrella was suggested by the 
broad es of tropical plants, and the first practical 
umbr« vas an imitation leaf, made of some light 
fabric { fastened to a stick. In orienta] countries 
the umbrella has retained this primitive, fan-like 
form t igh many centuries to the present day. In 
those rions, however, rain is comparatively infre- 
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Umbrella Borne Before the Pope in 1414. 











By F. M. Feldhaus 


undergone many changes and has been the subject 
of numerous laws and ordinances. 

The Roman ladies adopted the parasol from the 
Greeks, as is shown by various passages in the works 
of Roman writers. The parasol was usually carried hy 
a slave. The stick was made of bamboo, and the 
cover of variegated fabrics. The use of the parasol 


~ 














A Beau of the Ancient Régime With a Parasol 














and honor. After the year 1176 a gorgeous umbrella 
was always carried before the Doge of Venice, whether 
the sun shone or not. The manuscript chronicle of 
the Council of Constance (1411-1418) contains a pic- 
ture of the Pope’s umbrella of state. The umbrella 
is depicted with a large triangular piece cut away, but 
this was done merely to show the head of the beare2r 

















An Antique Parasol. (From a Greek Vase.) 

















The Umbrella in Caricature. 





A Slave Holding a Parasol Over Her Mistress. 
(From a Greek Vase.) 















































\ Parasol of the Year 1670. 


quent, and when it comes, it is so violent and long- 
Continued that no umbrella would be of much use. 
Hence the umbrella was originally employed as a 
These fan-shaped parasols are depicted in 
nscriptions as ancient as the year 1170 B.C. 
The modern umbrella appears to be an imitation. 
not of ingle leaf, but of a widely branching tree. 


sunshade 
Egyptian 


The inventor of the folding umbrella is unknown. A 
passage in the Greek play “The Knights,” written by 


Aristophanes in the fifth century B. C., 
refers 


apparently 
t folding parasol, and sunshades of this 
charact ire represented on antique Greek vases. 
This might seem to complete the story of the develop- 
ment of the umbrella, but that useful article has since 


A Fountain at Heidelberg. 
(Engraving of 1619.) 














An 18th Century Fop. 


THE EVOLUTION OF THE UMBRELLA. 


was not confined to women. The poet Claudianus 
complains that the effeminate Roman youths of the 
period (B. C. 399), instead of carrying off Sabine 
virgins, carried sunshades. 

The first mention of the employment of the um- 
brella as a protection against rain occurs in the letters 
of Alcuin, a highly educated Englishman, who was 
the tutor and friend of Charlemagne. A letter ad- 
dressed to the Bishop of Salsbury in the year 800 
contains the words: “Alcuin sends the Bishop a ‘roof’ 
to protect his venerable head from the rain.” UWm- 
brellas were not generally employed for this purpose 
until many centuries later. 

In the middle ages the umbrella was a mark of rank 


An Eighteenth Century Varasol. 


and must not be taken as representing the reality. 

From the fact that Leonardo da Vinci, in the year 
1500, uses the word ‘tent’ in describing his newly 
invented parachute, it is evident that the umbrella 
was then unknown in Italy. In France the umbrella, 
or parasol, was a rarity and an object of ridicule as 
late as 1598. 

About this time parasols began to be used in Italy. 
The English traveler Thomas Coryate, in 1611, wrote 
that the Italian nobility carried silken screens, re- 
sembling small throne-canopies, for protection against 
the sun. The parasol was carried even on _ horse- 
back, the stick being fastened to the rider’s leg. The 
idea found favor in England and a parasol was car- 












138 
ried on the stage, in a play produced in the year 1616 
The parasol appears to have been introduced into 
Italy from the Fast [ draw this inference from a 
passage in the description which the French engineer 
Salomon de Caus give n 1620, of the fountains with 
vhich he had adorned the park of Heidelberg Castle. 
Speaking of the yuntain iown in an accompanying 
illustration i say hat the figure carries a sun 
hade o1 dian head yvering, also called a tiresol 
fron vhich wat flow 
From the way in which the English philosopher 
’ n «ke bing a it to France in 1675, speaks 
he paraso irried by French ladies, it is evident 
iat the parasol was 1! almost unknown in England 


imbrella in 
1719 


‘he description of Robinson Crusoe’s 


Defoe famous work vhich was published n 


robably did much to make the umbrella popular, as 


i protection again both sun and rain 

About this time rain umbrellas made their first 
ippearance in England in a singular way, by being 
ented by ie hour to students at Oxford and Cam 
bridge The umbrella-carry'ng students were laughed 
at, but not itherwise molested Subsequently th 


philanthropist Jonas Hanwey trongly advocated the 


ise of the umbrella and never appeared in public 
vithout a large and gaily vlored umbrella, which ne 
iad brought from the East Ile attracted crowds, and 
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derisive epithets hurled at him from the win- 
Hanwey’s force of character and imperturbable 
make the umbrella popular. 
his example and, although his 
journals, the 
satisfaction 
his fel- 


were 
dows 
calm were required to 
Others began to follow 
earicatured in the 
age, had the 


used in 


umbrella was long 
philanthropist, in his old 
of seeing many umbrellas London by 
ow townsmen. 

In the 18th 
attention to the 
rank in the 


taken by 


to direct 
umbrella 


century, also, inventors began 


heir improvement of the 


The first production of umbrellas was 


oon guild of 


nakers was founded by Louis XV., in opposition to the 


France, where a umbrella 


irners, who claimed the right to monoplize the new 


ndustry At 
brella, the stick of 


ver ould be inclined 


“broken” um- 
jointed, so that the 
slanting rainfall or 
obliquely. 
for three 


this time appeared the 


which was 
against 
stick very 


1755 


sunshine, without holding the 


imbrellas were sold in Paris, in 


These 
wv four dollars apiece 


n Germany, the manufacture of umbrellas was in- 
1755, at Nuremberg. 


that 


however, 
advertised 


1ugurated in Soon, 


arrying an umbrella 
a carriage 
French 
umbrellas 


t was objected 


inability to keep 
1791 and 18438 


improvements in 


he bearer'’s 


Between sixty patents were 


rranted for These de- 


es included umbrella-canes, telescoping umbrellas, 
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umbrellas combined with opera-glasses and 
implements, and even the automatic umbrella, h 
opens when a button is pressed and which is regarjeq 


wi 7 


as a novelty today. In 1776 the Abbé Bertholon de 
St. Lazare invented an umbrella provided w a 
lightning rod, for use in thunder storms. The tick 
contained a pointed metal rod which could be ‘aken 
out and screwed on the top of the opened un la. 
The earth connection was made by means of a long 
piece of gilt cord which trailed on the grour ind 
terminated in a metal ball. The ball and cord were 


carried in the pocket when not in use 
When the invention of the air balloon had vived 
interest in the parachute, the first experiment 


vere 
made with ordinary umbrellas. In 1783 the physicist 
Le Normand accomplished the first successful d cent, 
from the top of a tree, with two umbrellas i in 
1797 Gamerin descended from a balloon with © ald 


of one immense umbrella. 


Even in the 18th century the umbrella had many 
opponents and formed a favorite subject of rica- 
tures, in which it served as a mark of old-fogzyism 
and stupidity. The absent-minded German ssor 


who is always forgetting his umbrella has become a 
comic character, but an honorable for 
a man of science should be occupied with thing 
Die Gartenlaube. 


classical 
more 
umbrellas. 


important than 


Protecting the Aeronaut from Lightning 


How the Dangers from Atmospheric and Other Causes May Be Mitigated 


ArreR housands of lloon ascensions had been 
nade during man ars without a single fatal acci 
lent , fatalitic occu! 1 in Germany alone in the 
mast IS month These accident in be divided into 
a few group 

Although on a single fatality wa ertainly caused 
by lightning he frequency of thunder-storms in sum 
mer emphasizes the danger which aeronaut incut 
from this cau At present there no known pre 


ventive except a time anding This, however, is not 


ilway possible " val rroved by in experience of 


Prof. Wiener, who d usses the perils of ballooning 


in an article in Die Umschau, which may be summar 
zed as follows: 

Prof. Wiener and another aeronaut, in an ascension 
nade last May vere aught between two strata of 
clouds, between which flashes of ghtning were formed 
n every direction except to leeward Discharges also 
ccurred between the lower stratum and the earth. 
The elevation of the balloon was about one mile In 
these onditions 1 aeronaut msidered it safer to 
drift onward thar » land, or even to throw out ballast 
or open the va "wo hours later they landed safe 
vy and were afterward overtaken by the storm Prof 
Wiener has sin made some experiments which show 
plainly what happens when a spark rikes a balloon 
If a spark passes completely through a collodion bal 


oon, filled with hydrogen o1 luminating gas, the gas 


may be ignited without explosion so that the balloon is 


quietly nsumed It is only when the balloon con 
tains a mixed with combustible gas that explosion 


even be traversed by 


place \ 


vithout being 


takes balloon an 


can be passed 
Metzeler'’s 


even 


sparks gnited Sparks 


for a minute through small balloons made oft 


balloon material without iusing ignition and 


ollodion balloons in transmit a few sparks without 
burning. If the flow of sparks is so rapid and dens« 
that it resembes a flaming are it may directly ignite 
the material of the balloon 

Protection against these dange! in be »btained 
ry urrounding the balloon and its ir with a net 
work of wires or Faraday’s cage vhich prevents the 
wtion of on i rees within it Metzeler recently 
niroduced a vali'oon na ial omposed largely 
f aluminium, for the purpose of protecting the gas 
from the un’s rays Experiments prove that this 
naterial is no better conductor of electricity than the 


ballcon cloth Even if it were possible to 


would still 


ordinary 


conducting material it 


mak t balloon of 

be desirable to surround it with wires, as lightning 
follows the shortest ath If this is done, the con- 
ductivity of the balloon i ff no importance Owing 
to s greater strength, the wire netting need not be 
heavier than the hemp netting ordinarily employed 
rhe balloon mode urrounded by a wire cage allowed 
rrdina parks to pa ndefinitely, and a flaming ar 
oO i mrt me vithou ) gnited Fifteen sec 
onds’ direct contact with lame wa equired to 
produce ig on This ex nent is illustrated by 


ynpanyving illustration 


the upper spark-gap in the 
The 1 Vhich suppo i nu ilso be made of 
wire and must omplet I rund the il 

outside of 


invite dan- 


It might be su sed tha naking the 


the balloon a good conducto! 





would rather 





ger from lightning. But although the ordinary bal 
oon envelope is a fairly good insulator for low volt- 
izes it is unable to resist the high tension of atmos- 


yherical electricity) An electroscope charged to 2,000 
second, when it 
fabric about six 
increases the elec 


below it, as 


discharged in less than one 


with a roll of 


olts is 


ouched balloon 


ncehes long Hence the balloon 


immediately above and 
do if it 


occurs, its 


trical tension 


nuch as it would were a perfect conductor, 


discharge destructive action 


mut when the 
vill be 


ince opposed to it 


greater in proportion to the electrical resist 

















EXPERIMENT ILLUSTRATING L’ROTECTION OF BALLOONS 


rrom Exvecrraiciry by Wire Nerring Arounp 
BaG AND Fring TUBE 
It might also be objected that the Faraday’s cage 
vould be a source of danger to its inmates. The 
discharge, however, passes chiefly through the wires, 
ind only partial or inductive discharges can strike 
the inmates. Many persons have been struck by light 


injury It is evident that the 


still 


ning without permanent 


an be applied more easily to 





araday'’s < 
aeroplanes. 


Even when a balloon is thus protected from light- 


to another danger from atmospheri« 
and consumed 


ning, it is exposed 


electricity A ignited 
touching the 
and the filling 


flight, are the 


balloon has been 

produced by escape 
This 

open 


sparks 


by small 


valve after landing valve tube, 


which normaly is during two 


with 
The 
Davy 


into contact 


protection. 


vjiaces in which the gas can come 


the air ind therefore need special 


device employed in the 
applied to this purpose 


simple and long-known 


safety lamp can very well be 


lamp protects the miner from the explosion 
The 
netting 
required to ignite the 


The safety 


of fire damp flame of the lamp is surrounded 


by a fine wire which conducts heat so well 


that the temperature gas cannot 


be produced on the outside. Any gas which enters the 
lump burns quietly without causing a general explo- 
sion. Both the escape valve and the filling tube of 


should be surrounded with a 


This 


the balloon, therefore, 


fine netting of copper wire affords protection 


cases. 


certain 
may be precipitated by pulling 


from lightning in 
An electric discharge 


the valve cord in a strong electric field, as, according 


ilso 


to Paschen's distance is 


striking 
This can easily be 


experiments, the 
smaller in hydrogen than in air. 
connecting a Bunsen burner with one pole 
induction coil and raising a metal 
with the other pole so high above th 
that no sparks pass. The flow of sparks recommences 
turned on. If the burner is sur 
netting the gas burns 


proved by 
et an point con- 
nected burner 
when the gas is 


rounded with a wire only on 


the outside. 


When sparks are allowed to pass beneath the open 
filling tube of a balloon model, the balloon is some- 
times ignited; but if the tube is protected by a wire 


netting, a flaming are can play upon the netting for 


a minute, without igniting the gas. (See the lower 
part of the illustration.) 
A second danger, which has already caused one fatal 


accident, is due to passengers being thrown out of the 
Throwing out a bag of ballast weigh- 
to rise 


car in landing. 
ing 35 pounds causes a balloon of moderate size 
than 300 feet. Hence, the 
passenger weighing 150 pounds would send the 
If all of the ballast has been expended 


rough 


suddenly more loss of a 
balloon 
up 1,300 feet. 
the remaining aeronauts will be likely to have a 
The pilot usually pulls the rip cord in order 
balloon more quickly. The 
however, be closed by the wind in some positions of the 
time 


landing. 


to empty the vent may, 


balloon. If one or more persons are at the same 
thrown out, the balloon may make an upward leap of 
The vent will then open spontane- 
ously, allowing the gas to escape very quickly so that 
falls like a stone. 
which 


hundreds of yards. 


combina: 


This was the 
presumably caused the 


the balloon 


tion of circumstances 


death of Prof. Abegg. In landing, three persons were 
thrown out of the car, the balloon rose nearly a mile, 
and then opened wide along the rip vent and fell as 
described above. 

Such a mishap could be prevented by making it Im 


possible for persons to be thrown out in landing. For 
merely surround th 


a net either permanently or just before laud- 


this purpose it is necessary to 
car with 
ing. This net will not prevent the passengers leaving 
the car with sufficient rapidity. 
that, for the sake of the safety of his companions, he 
must not leave the car before the pilot has given the 


until the 


Every aeronaut knows 


order, and the pilot must not give the order 
balloon is sufficiently evacuated and has completely !ost 
horizontal velocity. If this is tne 
case the passengers can leave the car at their leisure 

A balloon air, bursts in 


consequence of pressure, 0! ven 


its buoyancy and 


which has opened in the 


excessive internal 


been exploded by lightning, is not necessarily lost. This 
was proved experimentally as long ago as 1835 the 
bold American aeronaut, John Wise, who tied the filling 
tube of his balloon and rose to a height of 13,00" feet 
where the balloon burst. It fell at first with frightful 
velocity, but the air pressure thus produced beneath it 
soon turned the lower half of the balloon ins! ut, 

ng 


and pressed it against the upper half, the two 


in inverted bowl, which acted as a parachut and 


brought the daring aeronaut safely to land. W re- 
peated this experiment with the same result the 
Berlin aeronautic contest in i908 Holland and a er 
American repeated Wise’s experiment. The «'\008 





who hastened to the aeronauts’ aid found 
ict of photographing their balloon. 
urst they had cut the cord of the filling 
the balloon to assume the form 


filling tube is held down by the cord and 
art of the balloon cannot be driven upward. 


He was probably 


ymatically when the balloon attains a dan- 
Experiments have been made 
paratus which in this juncture warns the 
throw out ballast, and it would be just as 


danger is insufficient buoyancy at 


ast Spring the balloon “Pommern”’ collided 


id contributing largely to its subsequent dis- 
» start the balloon rose about 
> approximately calculated, and when the 


which a given height will 
An ascent should not 


imometer, appears possible 


neurred, usually 


attempts to cross 
Mngland are extremely rash at all times 
some of the participants in 
1908 and also in November, 





vhich produces a greater effect at sea 
owing to the diminished fri 


into inhospitable regions, 
Dresden to Finland), or who throws out so much 


mountainous district, voluntarily risks his life 
this sort might, perhaps, | 


\ gratifying contrast to such foolhardiness is afforded 
» combined prudence and enterprise exhibited 
von Abercron, who, in last year’s Gorden 
Louis and landed safely in the 


causes enumerated above, 


perilous undertaking. 
compilation made 


an trivial injuries resulted from 2,061 


n Which 7,570 persons took part. 


{8 serious injuries resulted 


to be 2,000,000, 


the adoption ot 
uggestions here presented and the 
Assmann’s project of transmitting weather 


wireless telegraphy 


How to Determine the Day of the Week 
of Previous Dates 


Ben M. JAQUISH. 





the founding of Rome, 
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sonsiderable height to the roof of a house. 


event is supposed to have taken place 753 B. C., Roman 
dates were in use long after what is now known as the 
beginning of the Christian 
introduced by Julius Caesar in 46 B. C., was in general 
Europe until 


era, The Julian calendar, 


use throughout 1582, and is still in use 
in Russia and Greece. The early Christians started a 
Christian era based upon the death of 
in 533 A. D., 
Exigius, a fixed the 
Christian era at the birth of Christ, which he 


as having taken place in the year of Rome 754 


new or Christ, 


but this was changed when Dionysius 


Roman monk, beginning of the 


regarded 
Other 


early Christians as well as modern Biblical scholars 


place this date at 750. However, the Dionysian era 


is the one now 
i B.C. 
The beginning of the year, as well as the beginning 


used, so the birth of Christ took place 


of the era, has been subject to change. In England 


down to 1066, it was March 25th; 1066 to 1155, January 
Ist; 1155 to 1751, March 5th; and finally, t Calen 
dar Amendment Act effect in 1752, the 
beginning of the year was established as January 1si 

The 365% 


days. 


y tne 


which took 


year of the Julian calendar consisted of 
There 


a fourth of 366 days. 


were three successive years of 365 days 


each, and Inasmuch as the solar 


year is about eleven minutes less than this, counting 


one year in every four a leap year, is too many by 


three years in 400. To correct this error, Pope 


XIII., in 
an astronomer, prepared the Gregorian 


about 
1582, with the assistance of Clavius, 
This 
making October 


Gregory 
calendar. 
provided for the dropping of ten days, 
5th, October 15th It also provided that only the cen 


turies divisible by 400 should be leap years. In France, 


in the same vear, December 10th became December 
20th. Catholic countries, in general, adopted the Gre- 
gorian calendar at once; Protestant countries, later. 


Mngland adopted this calendar in 1752, when Septem 


ber 3rd became September 14th. In the Protestant 
States of Germany it was not wholly adopted until 
1774 

With these facts in mind, a method for determining 


the day of the week any day of the month falls on 


becomes an easy matter If there were 364 days in 


every year, the same day of the month would always 


fall on the same day of the week; e. g., if Januarv 


Ist in the year 1 fell on Friday, it would fall on Fri- 
day every other year But as there are 365 days (no! 
including leap years) the day of the week of an 


particular day of the month comes one day later each 


vear; and in 1200 A. D. it will be 1200 days later than 
n the year | However, there are leap years, so th: 
day of the week will come 1200 days plus 1200-4 


days later. And for any other da‘e the first day will 


later than 


days of th 


ahead as many days as the date is 
With 


week any day of the 


move 


January Ist. every advance of 7 


month again falls on the san 


day of the week as at the beginning: so, dividing the 


total number of days a day of the week has advanced 


by 7, we get a whole number of cycles, with a remaia 


der which indicates the day of the week A remainder 


of 1 means Friday; 2, Saturday; Sunday; 4, Mon- 
day; 5, Tuesday: 6, Wednesday 0, Thursday. Of 
course this applies in the English calendar only until 





eighteenth century, by 


many leap 


that date, in the 


eleven too 


1752 After 
dividing by 4, 
tained, hence, eleven days 


vears* are ob- 
must be subtracted; in the 
the twentieth, 
28th 


year by 4 


nineteenth century, twelve days, and in 
If the 


leap 


thirteen days. date is later than February 


and falls on a year, by dividing the 


counted, and February must be 


28 days If the 


the extra day is 


counted as having only date is before 


February 28th, the division by 4 gives one day too 


many, and must be subtracted from the total A few 


examples will illustrate this method 


On Friday, October 12th, 1492, Columbhs discovered 
America. 
1492 
de 1402 ! 
SH 1492 i leap year, and 
the number 73) include 
7) 2150 February 29th 
307 | Friday 
January eee ‘ : : — 1 
February a eraarbies yatigiets 28 
March : ‘ a. on 
April ; 0 
May oi . 1 
June ‘ . , ' i) 
July : : ‘ > 
August ‘1 
Septembe1 , aD 
October : , 7 12 
2PSh 
This method assumes that n 533 A DD. when 
Dionysius established the year of Rome 754 (date of 


beginning of the Christian 


January Ist, 1 A. D., 


the birth of Christ) as the 


era, the date he accepted made 


* The eleven days dropped by Vope Gregory 





Perget 


salinity of sea 


meters is 
tion retract 
tried 
more convenient; the 


straight-line 
were also satisfactory. 





139 


come on Friday. Because of one day more than 52 


weeks in a year, this day has moved ahead in 1492 
years 1492 days, plus 373 days due to 373 leap years, 
and October 12th has moved ahead 285 more days, or 


a total of 2150 days. days brings it 
back to Friday, dividing by 7 gives 307 cycles of 7 days 
remainder of 1, showing that October 
1492, is the first day of the 308th cycle, or Friday. 
method 


But as every 7 
each, with a 
12th, 
Chis applies to any HEnglish date before Sep- 
For any later date in the eighteenth 
must be subtracted total; 
and in the twen- 


1752, 


tember 3rd, 


century 11 days from the 


in the nineteenth century, 12 days; 


tieth century, 13 days. 


December 14th, 1799, Saturday.—Date on which 
Washington died. 
1799 
149 — 3 
48 Number of days from Jan 


uary Ist to December 14th 
2596 
11 Kleven days dropped in 1752. 
7) 2585 
369 2 Saturday 


January 21st, 1892—Thursday 
1892 


173 0 


rhursday 


173 includes February 29th, 1892 As January 21st 
«omes before February 29th, this extra day should not 
be counted In this case I have made an extra sub 
traction before divid'ng by 7 Ordinarily the correc 


tion number, 11, 12, 13, would be increased by 1 
12 the 11 days dropped in 1752, and one day in 
cluded in 473. By dividing 1892 by 4, 1800 is counted 
1 leap vear 
January 30tl 1910 
1910 
177 2 
30 
417 
13 
i) 2404 
44 ; Sunday 


The following are a few well-known dates in English, 


French, and American history and events of the cru 


sades, that may be used in verifying this method: 
Saturday, October 14th, 1066 
Monday, February 14th, 1099 
Saturday, July 4th, 1187 
Monday, May 6th, 1191 
Wednesday, June 17th, 1215 
Friday, May 18th, 1291 


Sunday, June 8th, 1376. 
Monday, September 19th, 1356 
29th, 1429 
12th, 1428 
March Ist, 1562. 
24th, 1572. 
"5th 
1649 


Friday, April 
Tuesday, October 
Sunday, 
Sunday, August 
160] 


Wednesday, February 


January 30th 
March Sth 
Thursday, July 4th 
Friday, April 
Monday, September 19th, 1881 

1901. 

1910 


Tuesday, 
Sunday, 1702 
1776 
12th, 1861 
Friday, September 6th, 


Thursday, February 3rd, 


Determining the Salinity of Sea Water 


Ix an article published in the Comptes Rendus, A 


describes a refractometer for determining the 
water. As the determination of the 


alinity from density measurement: by means of aero 


ship, total reflec 
Abbe had 


refractometer 


possible on board 
Pulfrich 


implified 


hardly 


ymeters of and of been 


finds a Féry 


Berget 


determination is rapid and a fe 


cubie centimeters of water suffice In experiments 
with solutions of NaCl, the salini’y increasing by 
0.005 from 0.005 to 0.045, the refractive index rose 
rom 1. 804 to 1.34050 at 16 deg. C. according to 





law; experiments with diluted sea-wat 
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A New View of Roman London* 


The Highways Laid Down During the Roman Occupation 


BrrraAin was ip contact with Roman civilization a 
century before the conquest under Claudius, and that 
period of respite sufficed to show the natives whom 
they had to fear, and the best means of defending 
their shores and estuaries against a surprise attack. 
rill recent years the attainments of the ancient 
Britons have been strangely underestimated, and 
without exaggerating their capacity we may assume 
that their standard of civilization was little below 
that of their Romanized neighbors across the Channel. 

That chariots were extensively used by the Britons 
in warfare is clear from the narrative of Cesar, and 
the large number under the command of Cassivel- 
launus in B. C. 54 implies an elaborate road system at 
least in his own dominions, and therefore along the 
north bank of the lower Thames. One of the prin- 
cipal duties of such a force would be to keep a watch- 
ful eye on the river traffic; and that Roman boats 
about sixty feet long ascended the river at least 4s 
far as Westminster two or three centuries after the 


By Reginald A. Smith, F.S.A. 


however, suggests an earlier British origin, and If 
this road were to enable horsemen to patrol the river 
and give notice of any hostile approach by water, then 
we must imagine it continued, at least westward, 
along the brow of the steep northern bank, and crossed 
the Wallbrook, which was at that time a broad tidal 
river running into the Thames at Dawgate Hill. That 
there was a bridge here in Roman times is practically 
certain, as the sill of a bridge, stout oak piling and 
lumps of herring-bone pavement have been found just 
at this point. The Wallbrook once crossed, the road 
would naturally proceed along the south side of St. 
Paul’s and down Pilgrim Street to the Fleet, which 
was, no doubt, crosed by a ferry. Its subsequent 
course would be quite conjectural were it not for the 
occurrence of three Roman burials that exactly indi- 
cate a line that is more than probable on other 
grounds. It is common knowledge that the Romans 
laid out their cemeteries along their main roads, but 
the evidence of burials with regard to roads has been 


ders of London, but of quite recent date; and | irther 
west the bends of the river inclose flat areas then, jf 
not now, liable to floods; but a road was prac'icable 
on fairly high ground to Brentford, which there js 
reason to believe was the objective of this ancient 
highway. The former importance of this town may be 
partly explained by a ford over the Brent and py 
the fact that here is a stretch of gravel in the Thames 
bed which made it possible to ford the river at low 
tide in the days before steamboats rendered a deeper 
channel necessary. A few years ago Mr. Montagu 
Sharpe convincingly argued that here was the spot 
where Cesar crossed the Thames, and the existence 
of a large number of stakes in the north bank ig ip 
full agreement with Casar’s own account of the crogs- 
ing. For him there was only one ford, and that a 
difficult one, to take him into the territories of Cagsi- 
vellaunus, and here, if anywhere, would be a British 
stronghold reached by well-kept roads. The supposed 
road from Brentford to Hyde Park Corner is prac. 
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time of Julius is shown by the recent discovery of 
such a vessel below ten feet of river mud on the site 
of the new County Council Hall. To watch the river 
it was necessary to have a regular roadway on high 
and dry ground as close as possible to the water, 
and this was practicable only on the north bank near 
London. 

East of the Lea, and a good way beyond London 
on the south, the banks would be useless for 
such a purpose; and it is interesting to find the re- 
mains of an ancient road running east and west on 
the brow of the hill just above what is now London 
Bridge. When that road was first engineered we can 
only surmise, but it was certainly built or rebuilt by 
the Romans, for an entire section of it was made and 
published in 1833 during alterations for the bridge- 
approach in what is now Cannon Street, but was then 
called Great Eastcheap. A gravel road 16 feet wide, 
supported by two walls 7% feet high, was found about 

feet be'ow the modern roadway pointing to London 
Stone on the west and apparently to Aldgate on the 
east, but it has not been traced east of Gracechurch 
Street Narrower by 8 feet than Watling Street, as 
discovered in Edgware Road, it lacked the layer of 
flints that distinguished the Roman military roads; 
but there is no doubt of its Roman construction, as 
the containing walls have bands of the familiar tiles 
between stages of Kentish ragstone. The position, 


* Paper read before the Society of Arts and reprinted from 


its Journal, 


ENVIRONS OF LONDON WITH MAIN ROMAN ROADS. 


rather neglected in this country, and it is surprising 
to find how useful these scattered and accidental dis- 
coveries are in the neighborhood of London. Indeed, 
the roads for which there is least presumptive evi- 
dence are the best attested by burials along their 
course, and the present instance is, perhaps, the most 
i!luminating. A stone coffin was found in Howard 
Street, Strand, and cinerary urns under the portico 
of St. Martin’s-in-the-Fields and at the west end of 
Cockspur Street. If the theory holds good, a line 
drawn between these sites should indicate the course 
of a Roman high road, and the only line that satisfies 
the conditions runs from Bridge Street, opposite the 
foot of Pilgrim Street, through the Temple, under Som- 
erset House, between this hall and the Strand, past the 
National Gailery on the north (and higher) side of 
Trafalgar Square, under George III.’s statue and the 
Waterloo monument, across the south side of St. 
James's Square and the west end of King Street, to 
enter St. James’s Park a little above the bandstand, 
whence still in a straight line it would follow the 
high ground to the Tyburn valley. Crossing the 
stream—no doubt by a bridge as the banks are some- 
what steep—it would, in a few yards, reach the south 
end of Park Lane, and Hyde Park Corner has always 
been an important landmark. Nor need we give up 
hope of following it still further, for though con- 
nected with the Thames it could not well have crossed 
the low and then swampy ground south of Knights- 
bridge. The drainage of Pimlico is one of the won- 


tically in the same line as the section from the latter 
point to the Fleet, and in my opinion both belong to 
a system elaborated by the ancient Britons for their 
own safety and convenience. It may be remarked in 
passing that the road west of the Fleet, which seems 
to be marked out by the burials with mathematical 
precision, exactly coincides with the Terrace of the 
Inner Temple. The whole group of buildings is evi- 
dently based on that line, while the Strand frontage 
is ignored; and if the Terrace is, in fact, a remnant 
of this early highway overlooking the Thames, the 
curious alignment is easily explained. 

The advantages secured to the Britons by this road 
would also appeal to the Romans, to whose engineer: 
ing skill and thoroughness may be attributed the 
straightness and stability of this secondary hig! way. 
Another road of more importance may also have been 
laid out before the Roman Conquest, but its lengt! and 
directness point unmistakably to Roman initiative, 
and at least near London may, without much hesita 


tion, be assigned to the latter half of the first ce 
tury. Here, as in other cases, a clue to the or! nal 
course of the road may be gained by producing ‘he 
straight lines that still ex'st outside London a 
word of caution is necessary as to the name of Vat- 
ling Street. In Kent there is no ambiguity. b in 
the metropolis the presumed original highway of ‘hat 
name must be clearly distinguished from the et 
that runs east from St. Paul’s to Queen Stree! _ 


latter will be discussed in another connection, bu 
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first the | oman highway from the Kentish ports to 
Chester ms to have avoided the city and crossed 
the Than at Westminster. And here may be inter- 


polated a' interesting piece of history that seems to 
of an exact interpretation on these lines. 


be capab 
A stage he conquest of Britain was marked by the 
arrival of ‘he Emperor Claudius, for whom a victory 


had been arranged by Aulus Plautius in A. D. 43. 


The histortan Dio Cassius was born a century later, 
put probuly had access to documents which taught 
him as much about the British campaign as the ordi 
nary Eng! shman knows about Trafalgar or Waterloo; 
hence the outlines of his story at least may be taken 
as corre: After the Romans had crossed a river 


that the liritons thought would stop them, the latter, 
he says, retreated to the river Thames, where it de- 
pouches into the ocean and becomes an estuary at 
high tide; and easily passing it, as they were well 
acquainted with those parts which were firm and 


fordable, were pursued by the Romans, who failed to 
overtake ‘hem; but certain Celts—who even under 
arms were accustomed to swim with ease over the 
most rapid rivers—again swimming over, and others 
passing 2 little higher up by means of a bridge, they 
attacked the enemy on every side and cut off many; 


put, rashly pressing on the remainder, they wandered 
into the pathless marshes and lost many of their own 


Custom House may well have been fordable at low 
tide, though dangerous to those not familiar with the 
crossing. Improbable as it may seem to-day to any- 
one standing on London Bridge, it is nevertheless 
supported by facts that came to light during the demo- 
lition of old London Bridge. Sir G. B. Airy, late 
astronomer royal, stated half a century ago that the 
depth of the foundations of the piers was good evi- 
dence of the depth of the river at old London Bridge. 
It appears from a published cross-section that the 
lowest part of the rubble, on which were laid the 
wooden sleepers supporting the masonry, was only 
from two to three feet below low water. It is cer- 
tain, he says, that this could not be higher than the 
general bed of the river, and it probably would be 
lower. Some channels naturally would be deeper than 
the general bed; and these, when the tide had risen 
a little, would make the operation of fording very 
dangerous. 

If the dangerous British ford was at or near the 
Custom House, the bridge was not far off; and in view 
of the course of Watling Street there can be little 
doubt that the bridge was at Westminster, which 
would be about 2% miles above the ford or, as Dio 
says, a little higher up. That the construction of a 
simple bridge here would not baffle the ancient British 
is suggested by the fact that in 1846 a man forded 
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mouth of Deptford Creek, and though some engineer 
ing difficulties would be encountered, this point of 
contact would furnish a site for a dock. Goods could 
be conveyed to this point by water more easily and 
more cheaply than by the road from the ports of Kent, 
and could here be put on shore for transport inland; 
and we shall see that London had its own docks later, 
on the north bank, a little farther up the river. Leav- 
ing Deptford, the highway struck right across what 
is thought by some to have been a huge lagoon or 
morass in the Roman period; but this view of South 
London is clearly incorrect, as Roman remains and 
especially burials indicate dry and firm conditions in 
an area that has a subsoil mainly of gravel. Most of 
the burials along this line are not definitely located, 
but those at the Deaf and Dumb Asylum in the Old 
Kent Road and west of Deverell Street exactly accord 
with this theory, and flank the road on either side. 
Passing about 130 yards north of the Elephant and 
Castle, the line reaches the river near the middle of 
St. Thomas's Hospital, and the vicinity of Stanegate 
(Stonegate) is significant, as probably preserving the 
memory of an approach to the river that was paved 
by the Romans. Stanegate is also the name of a 
Roman road near Vindolana (Chesterholm), just south 
of the Roman wall in Northumberland. 

In the fourteenth century, when there were prob- 
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COURSE OF ROMAN MAIN ROADS THROUGH LONDON 


° 
soldiers. This story is circums.antial enough to be 
credited, and there is no doubt about the river being 
the Thames; but the site of the engagement has been 
disputed. The problem is to find a shori stretch of the 
river which at one end was just fordable and bordered 
on the estuary—that is, suddenly spread from a con- 
fined bed into lagoons or marshes covered at every 
tide—and at the other was narrow and shallow enough 


to be crossed by a native bridge before the Roman 
occupation. If estuary impl'es salt water the problem 
is insoluble, but if interpreted as above the words are 


in striking accordance with the report of the Geo- 
logical Survey. Mr. Whitaker states that London is 
the first spot where vessels going up the river would 
find a narrow low-water channel close aga’nst ground 


of the most favorable kind for permanent occupation, 
sround, indeed, yielding every advantage that our 
distant forerunners could have wished for; and their 
choice has been fully ratified by succeeding genera- 
tions who have built up the great city. Above London 
there are only narrow s rips of alluv'um, the river 
flowing bet ween gravel banks and necessarily keeping 
fo a narrow channel. Be'ow London, however, the 
Scene was far different from what we see to-day. The 
river flowed through mud plains covered with water 
at high tide only, and at low tide showing broad 
Spreads of treacherous mud, as at Southend at the 
present day. Firm land was only touched at some 
of the bends in its course, as at Greenwich and Wool- 
Wich. The Lea valley may be taken as the limit of 
low ground on the north bank, and the river at the 


the river at this point, as recorded in the Gentleman's 
Magazine. 

Toward the British bridge, therefore, at Westmin- 
ster the highway was directed, and a straight line in 
continuation of the fine stretch of Roman road on 
Shooter's Hill skirts the river at Deptford, crosses 
the Thames a little south of the present Westminster 
Bridge, and reaches the southern end of Park Lane, 
where it may be presumed to have turned into the 
line of Edgware Road; for a prolongation of that 
road would almost coincide with Park Lane, and 
naturglly stop at what we have already supposed to 
have been an important road-junction. This, at any 
rate, is the solution suggested by a consideration of 
outer London, and by the observance of the Roman 
rule that roads run straight unless turned aside by 
serious obstacles. The Edgware Road is an excellent 
example, running in a straight line till compelled io 
swerve in ascending Brockley Hill; and the onus of 
proof lies on those who would make the Roman 
roads crooked without weighty and sufficient reason. 

Several objections might be raised to this route, and 
some may be briefly answered. The avoidance of 
London may only show that the city was not at the 
time important enough to divert the road, or possibly 
an avoiding line was chosen for through traffic, just 
as on a modern railway system. At first London was 
not a commercial center, and Westminster also had a 
gravel subsoil, at least in the line of the road, and 
the additional advantage of a bridge. The line as 
restored passes very near a bend in the river at the 


ably clearer traces of the Roman highway than there 
are to-day, there lived a monk named Higden who 
was connected both with Westminster and Chester, 
and had therefore probably traveled over a great part 
of the Wailing Street. In the Polychronicon he de- 
scribed this road as crossing the Thames to West- 
minster and beyond, westward to a point at which it 
turned toward St. Alban’s. That is at’ least what I 
consider a fair reading of the text which has been 
variously translated and interpreted. The critica! 
words are ad occidentem Westmonasterii, which I take 
to imply a continuation to the western part of West- 
minster, and not a passage of the river at a point 
which lay on the west of Westminster. The map 
shows this would be an absurdity, as the Thames, for 
about half a mile above and below Thorney, flows 
from south to north, and Westminster in those days 
meant Thorney. On the other hand, Higden’s words 
seem to agree absolutely with the route suggested 
above. 

It was long ago pointed out by Dean Buckland that 
a bank of gravel stretches from the river westward 
almost to Buckingham Palace, and the builders no 
doubt availed themselves of this firm foundation for 
their road, which, however, had to cross some low- 
lying and, at that time, marshy ground before reach- 
ing the bottom of Park Lane. The lake in St. James’s 
Park is a relic of these conditions, but had not always 
its present form. The road would cross about haif- 
way between the bridge and the fountain, and to-day a 
stretch of lawn between two banks may mark Its 
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original course. In the Green Park also may be ob 
served a cutting in the west bank of the Tyburn 
rather steep on the north side of the park—that lies 
in the direct Hine to the supposed junction in Pic- 
ceadilly. 

From the map it is fairly obvious that Park Lane 
represents a southern continuation of the Roman 
road that practically coincides with Edgware Road, 
and from the elbow in Piccadilly we may suppose the 
road ran in a straight line to Brockley Hill Nor is 
this a mere supposition or tradition; the actual road 
was struck in 1902, almost exactly in the mildle of 
Edgware Road, opposite Seymour Street Another 
discovery, unhappily not so precise, seems to shed 
fresh light on the intersection of Roman roads at the 
Marble Arch. In Rocque’s map of 1746 is marked the 
position of a stone against which condemned soldiers 
were shot inside the park, civilian criminals being 
executed at Tyburn gallows just ou'side It was de- 
scribed as a Roman “geometric” stone, that is, a stone 
set up as a landmark by road-surveyors, and probably 
inscribed with distances to various points. The inter 
section near the Marble Arch of two important Roman 
highways (the original Watling Street and that from 
Romford to Staines) would fully account for the posi 
tion of the stone which, on the map, lies in the midd'e 
line of the avenue It was to be seen before 1822, a 
few yards south of Cumberland Gate, but during alter 
ations of level in that year for a new gate it was cov 
ered up, being too deeply embedded for convenient 
removal. This in itself is extremely significant, and 
will be discussed later in connection with London 
Stone, from which it is about 3%4 Roman miles distant 

The east-and-west road is characteristically Roman 
in its defiance of minor obstacles and adherence to 
the straight line, but did not actually pass through 
Roman London. It led from Essex across the Lea to 
Holborn, along Oxford Street and Bayswater Road 
over Notting Hill to Brentford, where it joined the 
British highway already noticed, and thence to Staines 
and across the Thames to Silchester and beyond. 
Though its course through Essex and west of Holborn 
is fairly well established, the intervening portion that 
skirted the north wall of the city is more conjectura', 
and it is only in the last few years that indications 
of the line have been noticed. Even without this 
fresh evidence, one could guess at its position by pro- 
ducing the line that is fairly clear from Romford to 
Stratford Town Hall, and this would pass throvgh Old 
Ford, under Bishopsgate goods station, Finsbury 
Square and Smithfield to Holborn Viaduct Beyond 
this the direction is slightly altered, but another long 
stretch takes us in a straight line to Notting Hill. 
That such was indeed the original route is virtual'y 
proved by the following considerations About four 
years ago lumps of tiles, cemented together to form a 
herring-bone pavement of a common Roman type, 
were dredged up by the Lea Conservancy Board in the 
Lea just below the lock at Old Ford, exactly at the 
point where our imaginary line would cross the river. 
That there was once a ford hereabouts is clear from 
the name of the district, but so far as [ am aware its 
exact position had not been previously determined. It 
was at Old Ford that the Lea was generally crossed 
before Bow Bridge was built, about the middie of the 
twelfth century; and it is recorded by Lysons that 
Matilda, wife of Henry I, caused two bridges to he 
built over the Lea and its tributary, the former known 
as Bow Bridge and stated to be one mile from the old 
ford. The two points are, in fact, just half that di!s- 
tance apart, and the Roman ford approximately coin 
cided with the line of Iceland Street, a little below the 
crossing of the outfall sewer. At least two burials ut 
Old Ford station, and another behind the police sta 
tion at the eastern end of Bethnal Green Road, seem 
to have been connected with this road, which farther 
west runs straight across Moorfields, a fact that mignt 
«t first sight cause some misgivings. The Roman wall 
round London, inclosing an area of about °60 acres, 
was built across the Wallbrook, then a considerable 
tidal stream which passed through gratings in the 
foundations Either through neglect or of set pur- 
pose the citizens allowed these gratings to be clogg2d 
with river weeds and refuse, as proved by excavation 
in our own time, and the result was that the water 
was dammed back outside the wall, and in time spread 
over what was later known as Moorfields. This area 
was skated over in the time of Henry II., and re- 
mained a waste (ill drained and turned into a pleasure 
garden early in the seventeenth century It was sue- 
gested by Stukeley that the morass was deliberately 
formed to protect the city on the north, but in any 
case we must assume that before the wa!l was built 
Moorfields was firm and dry. with a gravel soil capa 
ble of bearing a main Roman road, as is shown by a 


child's burial! there containing a gold coin of Salonina, 
wife of the emperor Gallienus (253-268). Though mos‘ 
authorities are in favor of the fourth century, it fs 
conceivable that the wall was already built in the 
middle of the third, but the morass cannot have been 


in existence when the interment took place. Some 
time after that date the east-and-west road must have 
been ruined by the swamp, and a way round must 
have been devised. The nearest high ground north 
of Moorfields is marked by the line of Old Street, and 
in this thoroughfare, where it is joined by Goswell 
Road, two Roman road-levels one above the other, 
were found in 1867 during some deep excavations 
which revealed medieval roads above. This diversion 
enabled traffic to pass easily between Holborn Bridge 
and Norton Folgate, without going through the city. 
At Smithfield interments of both kinds (cremations 
and inhumations) have been found in considerabie 
numbers, and here, as elsewhere, the angle between 
two main roads seems to have been a favorite burial- 
ground. Other burials farther west give a clue to 
the position of the road after the Fleet was crossed 
by a bridge, probably at the bottom of Snow Hill. In 
fact, the Gentleman's Magazine of 1750 records that 
n digging the foundation for Holborn Bridge, remains 
of the Roman military way were discovered pointing 
lirectly to Newgate. A straight line from here to the 
Marble Arch does not coincide with Holborn and Ox- 
ford Street, but passes burials on its north near St. 
Andrew’s Church, at the Birkbeck Bank, and another 
on the south in Endell Street. This line includes part 
of High Street, Bloomsbury (which was the principal 
street here till New Oxford Street was opened a few 
years ago), and gradually approaches Oxford Street 
as it proceeds westward 

The two main roads that remain to be considered 
eem to have met on the Thames bank at a spot always 
of special importance to London, and probably the 
site of the first wharf on the north bank of the river. 
To determine this point we may first produce the 
lines of recognized Roman roads in the suburbs and 
then test the accuracy of the method by a survey of 
the archeological and historical evidence. 

From Ware southwards to Edmonton there can be 
traced on the map a line that is continuous with the 
recognized Roman road that coincides with the high- 
way from Edmonton through Tottenham and Kings- 
land to the city, and the presumption is therefore 
that the Roman north road from the Thames ran 
straight from the river at least as far as Ware. Its 
course would have been under the old Custom House, a 
little to the east of the present building, and about 
100 yards west of the Thames subway at the Tower. 
Opposite this is the point where the line of Roman 
road known as Ermine Street, on the Leatherhead 
Downs, would, if produced, strike the Thames, and 
this coincidence strengthens the belief that these 
roads were intended to join at a recognized river 
crossing where the Romans doubtless erected a bridge 
on the site of what seems to have been the lowest ford 
on the river in British times. It is true that a dis- 
tance of sixteen miles, between the track on Leather- 
head Downs and the river, has to be covered by con- 
jecture, except for a fragment of the road at Ewell; 
but if the straight line was preserved over such diffi- 
cult ground as the Downs above Mick!eham, it may 
justly be inferred that no deviation would occur on 
the lower ground toward London, and that the point 
aimed at on the river was in a line with the surviv- 
ing remnant on the Downs. Some such connection 
must be found between these two portions of the 
Ermine Street (called Stane Street between Chiches- 
ter and Dorking, and deflected by Box Hill), and the 
course suggested is not only the most obvious but is 
supported by a certain amount of archeological evi- 
dence. That the Roman road did not coincide with 
Borough High Street is proved by the discovery of a 
Roman tessellated floor right in the center of the 
last; and excavations in the city have made it fairly 
certain that the road did not swerve on entering the 
city walls and follow the line of Gracechurch Street 
to London Bridge, for thick Roman walls have been 
found crossing this thoroughfare. The old London 
Bridge was a little to the east of the present struec- 
ture, and has never been proved of Roman origin. 
The large number of coins, from the Republic to 
Honorius, and other Roman relics found in the river 
when the foundations of the present bridge were laid, 
cannot be taken as decisive, for in the vicinity of a 
large city the river bed is certain to contain relics 
at any given point, and probably as many coins and 
other objects will be found when the new St. Paul's 
Bridge is built Further, there is no guaran’ee that 
the antiquities were dropped exact'y where they were 
found. For instance, two halves of a Viking sword 
have been found in different parts of the river above 
London, where the scour of the tide is not so con- 
siderable 

That the Romans built a bridge to carry their high 
road across the river at or near the point toward 
which earlier British roads-must have converged, is 
more than probable when we remember that the army 
under Julius Cesar collected the timber and built a 
bridge over the. Rhine at a point where the stream 
is considerably wider than the Thames at London 


Avausr 26, 1911 


Bridge, marched over and back again, and the: lig- 
mantled the bridge, all in the space of ten day If 
the Romans bridged our own Tyne, as we know they 
did, they would in the course of four centuries lave 
found a bridge at London not only desirable but eceg- 
sary for the traffic of the chief commercial city in 
Britain; and as we know that a London Bridge ex isteq 
in the reign of Edgar (tenth century) we can rdly 
attribute it to anyone but the Romans, unless, ;: leed, 
to King Alfred. 

In support of this theory mention may next be ‘nade 
of Stoney Lane, which runs parallel to, and few 
yards east of, the Ermine Street on the south bank. 
This is an ancient name, and may have arisen from a 
paved approach to the river at this point, correspond. 
ing to Stanegate at Lambeth. There is also a Stoney 
Street opposite Dowgate, which has led some writers 
to put the crossing here, in spite of the fact that the 
Wallbrook was then a broad tidal river. About seven 
furlongs south of the river the road would cross the 
Watling Street, and in the angle thus formed large 
Roman cemetery has been discovered in the burial 
ground of a chapel (now Salvation Army barracks) 
in Deverell Street, New Kent Road; and burials in a 
similar situation have already been noticed at Smith 
field. This coincidence is all the more striking, as the 
inhabitants of Roman Southwark seem to have buried 
their dead generally on the outskirts of their diminu- 
tive settlement half a mile north of the cross roads 
in question. 

North of the river the problematic course of Ermine 
Street is fairly marked out by the burials in Artillery 
Lane and Bishopsgate Street Without, Goring Street 
(formerly Castle Street in Bevis Marks), Fenchurch 
Street, Mark Lane, and A!l Hallows, Barking; and 
Billiter Street with Mark Lane may represent the 
ancient line. But this line is probably not so ancient 
as the others. It is a curious fact that this route to 
the north is not mentioned in the “Antonine Itiner- 
aries,” a military road book of Britain of somewhat 
uncertain date, but, in its original form, attributed by 
the latest writer on the subject to the first decade of 
the third century, the name being presumably derived 
from the Antonine Emperor Caracalla (A. D. 198-207). 
Travelers wishing to reach the north were in thit 
work directed to use the Romford or the St. Alban’s 
road for the first part of what was a roundabout 
journey, and we can safely conclude that the road 
through Ware was not then in existence. In any 
case the direct route passed through marshy country 
on its way to Lincoln, and seems to be the last link 
in the road system round London. On the other hand, 
a road, which to all appearance started from the same 
point on the north bank of the river, seems to have 
been constructed at a comparatively early date in the 
Roman period, though no trace of it is to be found ia 
the “Itineraries,” no doubt because it was at first 
merely a branch road. Evidence has already been 
brought forward to show that the wall round London 
dates from the end of the third or some time in the 
fourth century, and the occurrence of burials flanking 
this road indicates that it was laid out before the 
building of the Wall. East of the Wallbrook, burials 
are rare within the Wall, but beyond that stream they 
are plentiful along the line in question; and it is 
difficult to believe that the Roman authorities would 
have tolerated burials in that area after the Wall was 
built. Though some of the burials date from the first 
or seconcé century, there are others with the unburnt 
body that seem to belong to the period after the 
change from cremation to inhumation, which, in my 
opinion, took place about A. D. 250. The houses near 
St. Paul's, in one of which fourth-century coins were 
found, would, on this hypothesis, not have been built 
till the burial-ground was disused and perhaps for- 
gotten, presumably after London became a walled city. 

A glance at the map will show that a road was 
wanted to communicate with the great northwes! higi- 
way known as Watling Street for conveyance of goods, 
net to mention troops, from the principal landing 
place in London. This end would be served by the 
road suggested on the plan between the Custom House, 
where it would join the Ermine Street, and Newgate, 
where it would unite with the east-and-west road and 
cross the Fleet by one and the same bridge. In this 
way the detour by Westminster would be avoided; 
and even if the Ermine Street was in existence wien 
this road was planned, a good mile would be saved 
by traversing one side of the triangle instead of join- 
ing the east-and-west road at Norton Folgate and 
traversing the other two sides. 

This road is marked out as well as any by the 
burials, and though not a continuation of any known 
Roman highway, has actually been found about the 
middle of its course. This line would link up inert 
ments in King William Street, Cannon Street, Chea) 
side, St. Paul’s Churchyard, Paternoster and Warwick 
Squares, Old Bailey and Newcastle Street, and th o's! 
the first two sites might be explained as abuttinys 04 
a still earlier British road, the rest are obviously «ou 
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) the Customs House-Newgate road, which 


nected 
has other points of no less interest. Its sloping course 
leads gradually up the steep river bank and joins the 
presuma! British road in front of Cannon Street 


Station. t is just at this point that London Stone 


originally stood, in the middle of the road about 55 
feet sout! west of the recess in St. Swithin’s Church 
wall, wh a fragment is preserved; and it may weil 
be that ine stone stood at the intersection of two 
roads as the firmly-set “geometric” stone seems to 
have done at the Marble Arch. The history of London 


Stone has been traced back for many hundred years, 
possibly the tenth century; and it has always been 
regarded 4s of monumental interest. Its medieval 
history need not detain us; but it is important ‘to 
notice t! when its massive foundations were un- 
earthed Wren after the Fire, they seemed to him 
to have formed part of some public building; and tra- 
dition has it that this was the mile-stone from which 
all distances were measured in Britain. 

The two roads that met in Cannon Street would 
probably cross the Wallbrook by a single bridge and 
part company again on the western side; that on the 
north passing along Budge Row and crossing Queen 
Victoria Street between two churches, St. Mary Alder- 
manbury and St. Antholin (now demolished). Exca- 
vations in 1869 revealed a road at a depth of 10 feet 
8 inches at this spot, nearly in a line with the present 
Watling Street. “It was hard and well made, slightly 
elevated in the center and formed of rough stones and 
gravel, in the upper portion of which were found 
quantities of broken Roman pottery which, with other 
local circumstances, would lead us to the conclusion 
that it marked the course of a road or highway of 
some antiquity.” For a short distance west of this 
point our line runs along Watling Street, where it 
has been found, and the name is more or less appro- 
priate, as this road probably superseded to a large 
extent the Westminster portion of the Watling Street 
from Kent, when London had risen into importance. 
Its connection with St. Paul’s Churchyard is indicated 
by another discovery by Wren. “Upon demolishing 
the ruins after the last fire and searching the foun- 
dations of this Quire, the surveyor discovered nine 
wel's in a row; which, no doubt, had anciently be- 
longed to a street of houses that lay aslope from the 
High Street (then Watling Street) to the Roman 
Causeway (now Cheapside); and this street which 


was taken away to make room for the new Quire came 
so near the old Presbyterium that the church could 
not extend further that way at first.” A similar row 
of wells abutted on the Roman road in Cannon Street. 

There is another record of flint pavement about 13 
feet from the surface, below two layers of burials on 
the north side of the east end of St. Paul's, and below 
the pavement fragments of “Samian” ware, evidently 
of the second century. The remarks on Roman 
burials near St. Paul’s apply still more forcibly to 
the few found within the walls on the east side‘ of 
Wallbrook, as in Crooked Lane, on the site of Hast 
India House and at St. Helen's, Bishopsgate. On the 
last site a marble cist was associated with a coin of 
Constantine II., which might indicate a subsequent 
date for the building of the wall; but the point is 
that no burials seem to have been found in a well- 
defined rectangular area roughly bounded by the Wal!- 
brook on the west and by Cannon Street on the south. 
Gresham House would be about the middle of the 
north side, and the east would be in a line with Hast 
India Avenue, It may be accidental that London 
Stone is at one angle of this inclosure, which has an 
area of about fifty or sixty acres, closely correspond- 
ing to that of a legionary camp. The pretorium or 
headquarters of such a camp would approximately 
coincide with the site of St. Peter’s, Cornhill, under 
which massive Roman walls have been found extend- 
ing westward to St. Michael’s Church and eastward 
under Leadenhall Market. In the opinion of Roach 
Smith and other well-known antiquaries these were 
connected with an important public building, and sn 
apsed building resembling a basilica was found under 
the market. Close by, at the cross-roads, probably 
the Carfax of London mentioned in two ordinances of 
Edward III, stood the Cornhill standard, a fountain 
of such importance as a landmark that distances on 
milestones throughout England, we ere told, were 
measured from it as from the heart of the city. There 
is, therefore, some ground for considering this point 
the center of Roman London. The city developed, 1 
suggest, from a legionary camp, no doubt occupied !n 
force at the very outset of the Roman conquest and 
possibly later by legions on the way to the front, but 
soon given over to a civil population, which rapidly 
made it the leading commercial city of the provinces. 
It is interesting to note in this connection that St. 
Peter’s claims to be the first Christian church in Bri- 
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tain, and certainly ranked higher than a parochial 
chureh in the Middle Ages, for its school was one of 
four maintained by order of Parliament in London. 
Its foundation by Lucius in the second century is, no 
doubt, fanciful, but there may be some justification 
for the claim that it was the seat of a bishop or even 
archbishop in the Constantine period. 

There is certainly one, and perhaps more than one, 
main road in or near London that awaits discovery, 
but perhaps those already traced will have given pause 
to the critical historian or archwologist. To those ac- 
customed to the haphazard road system of modern 
London, the straight-edge may seem a crude and in- 
adequate instrument for restoring the main routes 
of the Roman period; but our conquerors had practi- 
cally a clear field and were addicted to straight roads, 
even in districts where they found greater natural 
obstacles than near London; and there are coinci- 
dences that seem to confirm the system above de 
scribed. Other critics may consider that too much 
stress has been laid on the discovery of burials more 
or less in line, and may point to several burials in 
the London area not so arranged and presumably in 
dependent of any main road. To these I would reply 
that interments have been occasionally found in Bri- 
tain in close proximity to Roman villas, away from 
main roads, and the erection of tombstones along a 
main thoroughfare may have appealed more to the 
well-to-do than to the humbler members of the com- 
munity, who would be content with an unostentatious 
burial close at hand. 

It is, from the archzological point of view, regret- 
table. that no Roman cemetery has been thoroughly 
excavated and recorded in Britain, and that we have 
to look abroad for much of our evidence of date. 
Years of patient work at Silchester, for instance, have 
placed before us a Roman provincial town with real- 
istic effect, but the most useful piece of work there 
is still undone; the burials of its Roman and perhaps 
British inhabitants are still unexplored and even un- 
discovered, and the only consolation is that they are 
still intact. The records of such discoveries in Lon- 
don are provokingly inadequate, but they have at least 
been collected and examined, I hope to some useful 
purpose; and the results obtained may, perhaps, direct 
attention to this period of our city’s history, and 
rescue from destruction any similar relics of the 
past that may hereafter come to light. 


Manganese and Silicon in Foundry Practice’ 


In order that the progressive foundryman may 
clearly comprehend the remarkable influence that 
manganese, silicon and a few other elements exert 
(even when present in extremely minute quantities 
sometimes) upon iron, it is necessary that he should 
realize at the outset that iron when pure is always 
the same, physically and chemically, no matter from 
whatever source it may be obtained, and that all of 
the multitudinous variations the commercial metal 
exhibits may be traced directly to the effects of com- 
binations with a few other elements. In its pure or 
nearly pure condition iron is an exceedingly ductile 
metal which may be forged and hammered, or rolled, 
into very thin plates, ribbons, or bars. Such bars 
may be bent double while cold, or tied into bow knots. 
The tensile strength is comparatively low, being ap- 
proximately 50,000 pounds per square inch, and the 
metal melts at a temperature between 3,000 and 3,500 
deg. F. 

The addition of a very small amount, or less than 
one-half of 1 per cent, of carbon (whose melting-point 
is so high it has never been determined) lowers the 
melting-point several hundred degrees, and converts 
the metal into what is known as “mild steel,” chang- 
ing many of its characteristics, and greatly increasing 
its tensile strength. 

The addition of 1 per cent of carbon gives us high- 
grade carbon “tool steel,” having tensile strength 
frequently of upward of 150,000 pounds per square 
inch, and possessing other new valuable properties 

By still further increasing the proportion of carbon 
the Ssaturation-point is passed, and “cast iron” results 
therefrom. Then tensile strength is again reduced, 
and the melting-po'nt is still further lowered, the 
metal takes on entirely new characteristics, and its 
chemical composition becomes far more complex by 
reason of the creeping in of other elements for which 


iron possesses very strong affinities. The adding of 
Nickel, for ¢ xample, is one of the comparatively recent 
developments of immense practical value; yet, strange 
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to say, natural alloys of this nature have been fa- 
miliar to metallurgists for a century or more, in the 
large meteorites that have fallen to the earth, per- 
haps from other worlds than ours. 

MANGANESE IN FOUNDRIES. 

Manganese is a metal that for many years was re- 
garded as a deleterious material which ruined the 
quality of iron or steel; yet this metal proved the 
salvation of the Bessemer process, and more recently 
Hadfield discovered that the addition of manganese 
in larger quantity than had hitherto been deemed 
permissible gave us “manganese steel,” one of the 
most wonderful products known to man, possessing 
the rare combination of extraordinary strength, hard- 
ness, and ductility. 

About thirty years ago I commenced a long series 
of investigations with this element in connection 
with the special kind of cast iron used for making 
chilled cast-iron car-wheels. Formerly, such whee's 
were made entirely from cold-blast charcoal iron, a 
product peculiarly suited for the purpose. This metal 
was rich in carbon, and comparatively poor in all 
of the other e'ements—viz., silicon, sulphur, phos- 
phorus, and manganese. Good car-wheel iron has, ap- 
proximately, the folowing composition: Carbon, 3.242 
per cent; phosphorous, 0.403 per cent; silicon, 0.776 
per cent; manganese, 0.391 per cent; sulphur, 0.083 
per cent. 

Cast iron for chilled car-wheels differs from iron 
for machinery castings or for general purposes mainly 
in its comparatively low silicon content, be'’ng less 
than one-half of the amount of silicon ordinarily 
found in iron castings, and less than one-third the 
quantity often found in l'ght castings, such as pul- 
leys. Nevertheless, the silicon in these good wheels 
was close up to the maximum amount permissible in 
chilled cast-iron car-wheels having the requisite depth 
of chill (or white iron) in the tread to insure high 
mileage. 

The chilled cast-iron car-wheel is an American in- 
vention, and the name of Asa Whitney will always 
be inseparably associated with its history as a pioneer 


in its development and in its successful introduction 
in the early days of railroading. 

As long as cold-blast charcoal iron was obtainable 
little difficulty was experienced in maintaining the 
product up to the required standard, and it is a re- 
markable fact that years before the chemical com- 
position of the metal was studied, or chemical analy- 
sis ‘was used in preparing the melts, wheels were 
made in which the silicon (which is the most im- 
portant element of all) did not vary as much as one- 
half of 1 per cent. from the average amount found by 
Dr. Dudley in the five good wheels, the explanation 
being that the foundry foreman was provided with a 
physical analysis of his metal in the form of “chill 
tests” made from every tap of the cupola. By this 
means the required depth of chill was maintained. 

In course of time cold-blast charcoal iron became 
more and more difficult to obtain, “warm” blast was 
introduced for economy both in the quantity of char- 
coal fuel and in the time required for reducing the 
iron from its ore. Instantly the quality declined, and 
then “hot blast” iron, made with anthracite coal, sup 
planted charcoal iron for almost all purposes, even 
the making of chilled cast-iron car-wheels. Th’‘s 
change in practice necessitated the introduction of 
more scientific methods in car-wheel foundries. 

It was well known that manganese caused iron to 
chill, and as long ago as the year 1880 the custom 
of introducing a certain quantity of high manganese 
iron into the cupola in car-wheel mixtures had al- 
ready attracted attention. The tests which I was 
called upon in that year to make convinced me that 
a “manganese chill” on the tread of a car-wheel was 
a spurious chill, very handsome to look at, but poor 
in wearing properties. The crystals are coarse and 
lamellar, they “spall out” or break away from one 
another when subjected to repeated taps with a hand 
hammer. Moreover, the white iron caused by high 
manganese in.'a chilling mixture is comparatively soft 
and may be drilled without great difficulty. The re 
sult of ‘introducing high manganese irons in the cu- 
pola proved disastrous in car-wheels when put to se- 
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ere practical tests, and the ile was therefore made 
that a manganese chill mu be avoided 

in the course of these early investigations, how 
ever, a remarkable discovery was tmacs ilmost by 
accident i found that if a very minute quantity of 


bottom of 


wowdered ferromanganese was placed in e 
1 ladle and ordinary car-wheel iron poured upon it 
several curious things happened First, a very rapid 
ircular movement, o1 ithe notion in pples from 
the edge towards i nte if the ladle, was imme 
diately noticeable ym othe rface of the molten tron 
This continued until it ym get, and was even ap 
arent in the gat and ers of castings up to the 
yment of congealing. Second, when a chill test piece 
tured { was seen that the gray-iron portion 
i ery much darké n color, and of more open 
iin ian that of a similar test piece poured from 
ie same iron untreated Third, the white iron or 
hilled portion of the test plece showed no appear 
ince of a manganese chill he only visible change 
wing a slight reduction in the depth of the chill 
rest bar ver ist from this metal, and also from 
he oun ited iron An average gain, approaching 50 
per cent n tensile and insverse strength, was re 
corded 
Analyse vere made b irious chemists of drillings 
taken from the treated and the untreated iron. These 
ill showed at the principal change caused by the 
treatment had taken place in the condition of the 
carbon near! me-half of the combined carbon had 
heen changed to the iphite form The sulphur was 
ikewise decreased The shrinkage of the test bars 
of treated iron was reduced nearly 30 per cent as 
compared with the ame ron untreated Various 


proportions of ferromanganese containing about SS? 
per cent manganes¢ vere ied, with the final result 
that the tule was adopted that in each ladle, holding 
ibout 600 pounds of iron, needed at that time to pow 
me full-sized neh car-wheel, one pound of pow 
dered ferromanganese should be used For a numbe: 
of year this method was adopted on n the cal 
wheel work f A. Whitney and Sons. Vhiladelphia; 
but im the ourse of time t became enerally known 
md used, and a’'though m onnection with work of 
this nature ased in ISS | believe the method is still 
very genera f no m rsally, emploved 


In an address given at Franklin Institute in 


ISSR, entitled “P tron and ie Relation Between its 
) i ‘ l emical Constiluente,’ 
rinted in é surnal of the [Institute-in March of 

tha ea | ul n 1 ) innouncement | 
hese in igations a ow n wir Journal in 

Varech, ISSS 

Manganese is commonly ipposed to exert a harden 
ng tenden ipon ps m; but experience has taught 

me to regard th is another nstaken notion t 

undoubtedly produces a marked effec ipon the cha 

wter of the white rystalline structur You may 
readily recognize ‘a manganes« hill yy its coarse 


lamellar or foliated filaments, and by the tenden 


which it produces to form white ‘ron or ‘hard spots’ in 
isolated place oughout the gray portion of a cast 
ng Manganiferou vig m has been used to pro 
luce chilled cast'ngs; but does not make a durabl 
wearing surface; the lied tread of a car-wheel, for 


example, produced by iis method presents to the eye 





when broken through the sect'on, a handsome ap 
pearance, but the wh meta s comparatively soft 
t may lhe mily bored, and, what nore serious 
erumbles read ride! ! l pid shocks on 
thie 1 
\ narkable il produ 1 upon laracter 
f hard m by addin » the molten metal, a moment 
before pourin ito a l, a very nall quantity 
of powdered erromangan t say ne pound of terro 
manganese to 600 pounds of iron—and thoroughly 
diffusing it through the molten mass by stirring with 
in iron rod The result of several hundred carefully 
onduc’ed experiments which I have made, enables me 
to say that the transverse strength of the metal is In 
reased from 30 to 40 per cent, the shrinkage is de 
reased from 20 to 30 per cen and 1e depth of the 
h'll is decreased about 25 per cent, while nearly one 
half of the ombined arbon is hanged into fr 
carbon; the percentage of manganese in the iron is 
not sensibly increased by th dose, the small propor 
on of manganese vhich was added being found in 
the form of oxide in the ria ‘he philosophical ex 
planation of lis extraordinary effect is, in my opin 
ion, to be found in the fact that the ferromanganes: 
wts simply as a deoxidizing agent, he manganese 
eizing any oxygen which has combined with the iron 


forming manganic-oxide, which, being lighter than the 


molten meta ises to the surface, and floats off with 
he scoria. When a casting which has been artificially 
softened by his. novel treatment is remelted, the 
effect of the ferromanganese disappears, and hard 


iron results as a consequence 

It will be observed from the foregoing that manga- 
nese acts in two different and opposite ways in cast 
iron, 


SCIENTIFIC AMERICAN SUPPLEMENT No. 1860 


When alloyed therewith in the cupola in consider 


ible quantity, say 2 has a chilling 
hardening effect, producing what I termed 
it spurious chill of coarse crystalline nature, in contra- 


per cent or over, it 


and have 


ditinction to the normal chill in a good car-wheel 
which has a fine and osely-interwoven crysialline 
structure 

When the alloy called ferromanganese is added in 


a ladle of molten car-wheel iron in the small quantity 


riven (1 pound of alloy, containing “about 80 per 
ent manganese, in 600 pounds of iron), it acts not 
as an additional contribution of 0.133 per cent man 
ganese to the metal in the ladle, but simply as a 


leoxidizing and desulphurizing flux, cleansing the 


metal from impurities, softening it, and greatly in- 
reasing the ductility and strength without injuring 
the chilled tread of the wheel 

The fact that ferromanganese was found to beso 
beneficial in car-wheel practice soon led others to ex- 
ploiting the alloy for general foundry purposes; but 
the conditions are here entirely different, and, in 
most cases, this aHoy is not only of no benefit, but is 


detrimental to foundry irons | have already 


that it 


wtually 
explained changes a large portion of the com- 
chilled roll) iron into 
the graphitic form; but this remarkable effect cannot 
contains 
car 


bined carbon in car-wheel (or 


take place in ordinary foundry iron, which 


isually scarcely more than a trace of combined 


ferromanga- 
disap- 


on The ignorant and improper use of 


ese in general foundries is sure to lead to 


ointments 


SILICON FOR FOUNDRY USE 
In a pure state silicon may be obtained in three 
illotropie forms, quite different from one another in 


appearance and also in some other properties. In this 


respect it resembles pure carbon, which is found as 
graphite,” “charcoal,” and “diamond.” In the amor- 
phous state pure silicon is a brown combustible pow- 
ler In crystalline form it has a red luster, and in 
so-called graphitic form it resembles graph -te in 
ippearance In recent years silicon has been pro 
duced in commercial quantity nearly pure (98 per 
ent) by means of the electric furnace, and is used 
n steel manufacture Its melting-point, however. is 
30 high that it will not dissolve in molten cast iron 


n a ladle, as | have proved by many tests 

Formerly, silicon was regarded as a most undesira- 
le element in pig iron for foundry use; t was 
thought to produce “blo 101 und to lake wun 


4 
ean ¢88rings 





When the suitability of pig iron for astings was 
letermined by fracture only. as was the case in my 
irlv foundry experience silvery pig” or “rotten pig” 
) neasly pig. is pig iron which was very high in 
licon was variously illed, was practically an un- 


salable commodity to foundries, for, when silicon is 


from 5 to 10 per cent or 
hard, the 
devoid of the 


metal It 


present in quantity ranging 


over, the pig metal becomes very briitle and 


fracture is very light gray in color, and 


rystalline structure characteristic of good 


s indeed totally unsuitable for castings I well re 


member the msternation among several foremen 


first 
ontaining 12 


silvery iron 
and 


in the cupoia 


when | introduced a carload of pig 


per cent of silicon to their notice, 


proposed to use a certain amount of it 


mixture for the purpose of softening the iron and 


vermitting a larger proportion of hard scrap to be in- 


orporated. followed by their astonishment at the un- 


expectedly beneficial result in the melt. My records 
show that for several years this high-silicon iron was 
purchased and used as a regular component in the 
foundry 

In uurse of time the v'ews of intelligent foundry- 
men changed with respect to silicon, and therewith 


oincidently came a change in the practice of pig-iron 


well. No 


ble to keep the silicon as 


onger was it considered desira- 


makers as 


low as possible in foundry 


irons; gradually the average propor ion began to creap 


ip, so that it was not necessary tor me (oO continue to 
purchase 12 per cent silicon pig iron in order to 
obtain the amount desired in our castings, for a suf- 
ficient number of brands of ‘ron containing the full 


desired for smallest castings 
difficulty at ordinary 
In fact, the pendu- 


amount of silicon our 


could be obtained without the 


market price of No. 2 plain iron. 


lum has now swung the other way, and I find it neces- 


ary to limit the proportion of silicon in pig-iron pur 
hases to suit various requirements. 

The American Society for Testing Materials has 
fixed upon certain data with respect to the average 


vroportion of silicon desirable for castings of various 


kinds, after consultation with foundrymen, metallur- 


sts, and chemists, and the information has been 


videly disseminated in its reports. 


While experimenting with ferromanganese added in 


ladles of car-wheel iron many years ago, I desired 
to know the effect upon the metal of other similar 
alloys, and therefore obtained the highest grades of 
silicon alloys then made, irrespective of cost. The 


richest contained nearly 20 per cent silicon. It was a 
disappointment to find that even when this metal was 
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powdered and preheated to redness, the influen 


the cast iron of the comparatively small amoun a 
could be melted in a ladle of iron without mak it 
dull was almost inappreciable. Similar tests re 
made with the metal aluminium, which cost a sat 
time $8 per pound. The results were again i 
pointing. 

Since the first publication of my experim« t 
has come to my knowledge that very impurs il 
erated material has been sold as 50 per cent oO 
silicon alloy to foundries. In some cases the ep- 
ngs and dross obtained from manufacturers ot ro- 
silicon alloys have been’ bought in quantity ri- 
diculously low prices, mixed with similar refus: om 
ferromanganese manufacture, the whole being ind 
together to form a material which is of very poor 
quality indeed. The temptation to do this is eat, 
the market price of 50 per cent ferrosilicon is out 
») per cent higher than that of 80 per cent ferroman- 
ganese, and the two alloys resemble each oth so 
closely that when broken into small lumps or ins, 
or powdered, chemical analysis is the only means of 
determining the relative proportion of each The 
particles of slag, cinder, and dirt may be readily seen 
in the worst samples by the naked eye or by the aid 
of a pocket magnifying-glass. 

The foundryman should understand clearly from 
what has gone before that ferromanganese and ferro 
silicon possess entirely different functions in cast iron, 
and should not be used indiscriminately or in con- 
junction. Ferromanganese is best adapted the 
treatment of h chilling iron for car-wheels or 
chilled rolls, er chilled castings, where the pro 
portion of co ned carbon is large 

Ferrosilicon t adapted to treatment of foundry 
iron when from any cause it is hard and brittle, since 
t possesses th uliar property of softening. and 
at the same tir rengthening, such iron. It also 
enables the four to vary the grade of iron in in- 
dividual ladles ¢t t individual castings or groups 
of castings. It gi the founder control of his iron 
after it has been withdrawn from the source of melt 
ing, a matter of great importance and value, and it 
enables him to use cheaper grades of iron. 

Finally, I wish to say that neither ferromanganese 


nor ferrosilicon can be regarded as universal pana- 
eas, aS some unscrupulous salesmen would have the 
foundry man believe, and, while each in its proper 
place ie of great value, they must, like all other good 


things, be used intelligently, and, if 
ited materials are 


to be of no benefit, 


impure, adu 


Formule for Strasse (according to 
Wieland) .— 
Rock crystal 300 300 
BE « Wevscnwiedaw pear indane 500 
. Ea ee 170 462 
ee reer ; 514 
Caustic potash 163 96 168 
SL Se ecannas kanien - 22 27 18 
PEE: DE... cinasntenen ‘ 1 | 0.5 

Formula for Soft Strass Rock crystal 100 p: 
red lead 25 parts, soda 50 parts, calcined borax 
arts, saltpeter 11.5 parts. 

Formula for Hard Strass.—Rock crystal 100 p: 
red lead 16.7 parts, soda 33.3 parts, calcined lb 
25 parts, saltpeter 5.5 parts. 


Sympathetic Ink (green, with two 


fluids).—W 


Iter. 


employed, they will not only prove 
but may be absolutely harmful. 


Donault- 


irts 


irts, 
ax 


rite 


gz0 


ned 


with a solution of chlorate of soda in water and 
over the dry writing with a little sponge, moist« 
with blue vitriol solution. The writing becomes green 
ind permanent. 
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